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1. INTRODUCTION

This volume describes the technical and cost analysis that was performed
for the payload system operations analysis. The technical analysis consists
of the operations for the payload/Shuttle and payload/Tug, and the spacecraft
analysis which includes sortie, automated, and large observatory type pay-
loads. The cost analysis includes the costing tradeoffs of the various
payload design concepts and traffic models. The overall objectives of this
effort were to identify payload design and operational concepts for the Shuttle
which will result in low cost design, and to examine the low cost design

concepts to identify applicable design guidelines (see Volume I).

The operations analysis examined several past and current NASA and DoD
satellite programs to establish a Shuttle operations model. From this model
the analysis examined the payload/Shuttle flow and determined facility con-
cepts necessary for effective payload/Shuttle ground operations. The study
of the payload/Tug operations was an examination of the various flight time-

lines for missions requiring the Tug.

The spacecraft analysis was a conceptual design effort for programs which
would be representative of the Shuttle era, They consisted of sortie with a
solar observatory payload as an example, communication satellites as ex-
amples of OA demonstration programs, and example observatory satellites.
Contractor and agency study reports were obtained on these payloads to
define the mission objective and equipment, and to describe the spacecraft
system. The design effort was conceptual resulting in layouts and subsystem
identification sufficient to estimate dimensional constraints, subsystem
weights,and payload system cost differences. Conceptual layouts are con-
sistent with the mission descriptions for the 1980s era({which are conceptual
in all cases, i.e., drawings and specifications of instruments were not
available). Furthermore, the Shuttle and Tug definition data were also of a

descriptive nature.



The definition of the Shuttle and Tug as currently described in Ref. 1.1
through 1.4 were not available at the initiation of this study. It was there-
fore necessary to compile the best available Shuttle and Tug description,
interface, and environmental data from all sources. This was documented

as the mid-term r.eport but was not published {Ref. 1.5). The data in the mid-
term report is in substantial agreement with that given in Ref. 1.1 through 1.4,
particularly in those areas which were important considerations in the pay- .
load design studies, and should not affect appreciably the completeness or
results of the study presented in this volume. Users of these study results,
however, should refer to the Shuttle references for payload accommodation
information. The comparison of the various documented Shuttle descrip-

tions is reported in Study 2. 1 Final Report (Ref. 1. 6).

The synthesis of an economical program concept with high scientific value
requires a series of design/cost tradeoffs to determine lower cost config-
uration characteristics and operational modes. Potentials for low cost
design and operations should continue to be thoroughly exploited in order to
control the system costs, considering cost drivers such as development
hardware quantities, spare satellites, flight hardware, scientific experiment
requirements, satellite reliability, and expected number of Shuttle flights -~
all in the context of operational modes available with the Shuttle., The cost
analysis task addressed these objectives with an investigation of the three
payload program concepts involving the use of the Shuttle in a sortie mode,
automated payloads, and an observatory program. The designs for a
variety of payloads were reviewed, program approaches were processed

in 2 capture analysis, and cost estimates were prepared. Results of the
cost exercise were compared in order to extract significant cost trends

and tradeoffs. These comparisons were analyzed to identify lower cost
program approaches for the example, show cost/value trends with scientific
requirements, and develop programmatic guidelines, Low cost program

approaches are identified and cost/scientific value tradeoffs are displayed.
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2. PAYLOAD OPERATIONS

2,1 INTRODUCTION

Principal objectives of the payload operations analysis were to:

(1) Identify the differences between the conduct of payload
operations with Shuttle technology and similar operations
with existing expendable systems.

(2} Identify operational changes the Shuttle will produce that
will be beneficial to NASA payloads in terms of performance
and/or cost.

{3) Determine and establish the appropriate elements for cost-
ing purposes.

(4) Define payload design guidelines that will have an impact
on the effective accomplishment of payload operations in
the Shuttle era. -

The approach inveolved reviewing historical records of the manner in which
payload operations have previously been conducted with expendable systems,
and studies and analyses conducted by various agencies with regard to the
manner in which operations are likely to be conducted in the Shuttle era.
These data were evaluated, and a synthesized flow of operations and time-
lines capturing the various approaches were generated to provide a study
baseline for further examination. That baseline was refined by exercising
the variables, the results were analyzed, and conclusions were developed.
This approach resulted in considerable NASA/contractor documentation
being reviewed with respect to payload operations and associated design,

facilities, equipment, manpower, and costs.

2.2 PAYLOAD OPERATIONS FLOW AND TIMELINES

The key areas under consideration in the operations analysis task are illus-

trated as major milestones in Figure 2-1. The major thrust of this analysis
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effort has been directed toward operations conducted at the launch site from
receipt of the payload through the pad activities. Payload operational pro-
cedures and problem-solving are centered in this activity area. It should be
noted that on-orbit operations are, almost without exception, duplicated,

tested, or otherwise carried forward on the ground, as well.

In the course of developing comparative operations, analysts studied detailed
block flow diagrams of payloads including the Nimbus "D'" in the expendable
mode (Ref. 2.1); synchronous earth observatory, earth observation, and
small research satellites in the Shuttle mode (Ref. 2.2}; and the OAQ/LST
(Ref. 2.3) and two DoD satellites in both the expendable and Shuttle modes.
A list of the payloads examined with launch site times is presented in

Table 2-1. These payloads were selected because they were representative
of type. A study baseline of operations was then generated, expanded into a
major milestone operational flow, refined in detail, and exercised to establish
that it captured the representative payloads. This detailed operations flow,
presented in Figures 2-2 through 2-7, was based on Ref. 2.1, 2.3, 2.4, and

detailed flow data from DoD programs,

Essentially the same documentation referred to above was reviewed as an
approach to establishing a timeline for the payloads associated with the
representative flow of operations. Examples of the timelines broken out
for examination are presented in Figure 2-8 for Nimbus "D", in Figure 2-9
for two DoD payloads in the expendable mode, in Figure 2-10 for the low

cost OAQO and SEO in the Shuttle mode, and in Figure 2-11 for the HEAQ in
both the expendable and Shuttle modes. While many of the payloads examined
had shorter timelines {(see Table 2-1), the above examples are representative

and cover the spectrum.

The review indicated that time for payload operations from receipt at the

launch base through mating with the orbiter is roughly 20-25 days. It



Table 2-1.

Program Timelines*

Program

Days in
Simulator

Days Through
Orbiter Mate

Agtronomy Explorers
OSSO

Relativity

Radio Interferometer
HEAQ

Large Space Telescope
Large Sclar Cbservatory
Large Radio Observatory
Intermediate Astronomy lnstruments
Aeronomy & S3/E Sortie
IR Astronomy

Physics Lab Scortie
Space Station (Phys, Lab}
Cosmic Ray Lab

Life Sciences Sortie (Zoo)
Life Sciences Sortie (Bio)
Life Science Lab
Applications Tech. Sat
Medical Network

Comm. & Nav. Sortie
Comm. & Nav. Research
Polar Earth Obs.

Sync, Earth Obs,

Earth Physics Sat,

Tiros Class

Polar Earth Resource
Earth Resources Sortie
Earth Obs. Lab

Material Sciences

Tech, Sortie

Space Mfg, Station

Crew Cargo Module

Gen. Purp. Lab. Mod.
Orbiter - P/L

QOrbiter - Pallet - P/L
Orbiter MSM - P/L
Orbiter - Tug - P/L
QOrbiter-Tug-Kick-P/L
DoD

Viking

Venus Explorers

Jupiter Pioneer Orbiter
Asteroid Survey

Grand Tour

Mars Sample Return

NN RO NN AR NWIN R DO b b DR WL s W e W O WY e =

31
19
14
15
25
32
28
22

Average Days in Simulator - 4 {1-8) «——=cc-oc—-
Average Days thru Orbiter Mate ~ 21 {11-37) ---- 8 out of 43 Types over 25 Days

¥Ref, 2.6 and 2.7

8 out of 43 Types over 5 Days

4 out of 43 Types over 30 Days
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should be noted that the use of an orbiter simulator for payload/orbiter
pre-mate integration and testing purposes is not included in the timeli -
except for the HEAQ in the Shuttle mode. This example illustrates th

effect of using an orbiter simulator in the flow of operations. While t
timeline is slightly extended over the other examples, the payload can be
mated, interfaces checked out, tests performed, and any problem areas
identified and resolved during the time the orbiter is in the simulator.
Identical tasks may be expected to be accomplished without problems when
the payload and the orbiter are actually mated. This simulation reduces

the time in the orbiter flow of operations and ultimately preserves the integ-
rity of the planned launch schedule, both of which considerations, of course,
are important in the Shuttle mode. Both considerations, incidentally, are
absent in the other examples. Consideration of the foregoing was sufficient
to cause 25 days to be selected as a basic time required for the payload

pre-launch operations flow,

2,3 SYNTHESIZED TIMELINE

The synthesized timeline shown in Figure 2-12 was generated on the basis
of the 25-day payload flow, inputs from contractor Shuttle studies, and some
assumptions. The figure is generally self-explanatory; some further ex-

planation, however, is in order.

The values indicated as Shuttle baseline inputs have been used in many studies
and are not fixed. They are credible, however, and since they are treated

as variables they are satisfactory for use as a baseline. The 10-day launch
center provides a launch rate sufficient to handle early system traffic. The
five days indicated as required for Shuttle operations, following mating of

the payload on M day at L-5 days (Ref, 2.5), is a maximum. Some alternate
plans indicate this activity at L-1. The time made available for payload

mating has ranged from as little as four hours to as much as 36 hours.
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Twelve hours is a minimum requirement., The first three bars in the figure
are the timelines for three payloads in their respective bays in the payload
facility., The last bar represents the flow of the #4 payload arriving at the
launch base to enter the payload bay vacated by the #1 payload. Some of the
flexibility of the system in handling a mix of payloads is revealed in that the
time available for a payload to use the orbiter simulator is normally 10 days.
The actual time the simulator is used, as well as how much of the available
25 days is used, is left to the discretion of the payload program. For in-
stance, #3 payload could have been scheduled to arrive and to enter the flow
at M-10 days, to use the simulator for three days including a day of slack
time, to mate, and to meet the 10-day launch center schedule without affect-
ing the other two payload flows. Other schedule flexibilities are functions of

the variables existing in the system,

2.4 OPERATIONS TRADEOFF ANALYSIS

The operational variables shown below were investigated by mmeans of the
synthesized timeline serving as a base for further analyses. There is con-
siderable interdependency in the variables, so an attempt has been made to
parameterize each of them so effects may be observed as a result of changing

any one or a combination of the variables as inputs are received or generated.

(1) Shuttle launch centers - approximately 8 through 25 days
(2} Work week - 5 days vs 7 days

(3} Payload processing bays and time - 1vs 2 or 3 in payload
facility

(4) Payload-to-orbiter mate day - L-5days vs L-1 day
{5) Payload/Shuttle C/O - simulator vs orbiter

The relationship between launch frequencies and launch centers was investi-
gated. Data concerning that investigation are shown in Figure 2-13, The

launch center variation of from 8 to 25 days can vary the launch frequency
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from 10 to 32 launches per year. Examination of several typical Shuttle
launch traffic models revealed that approximately 20 launches per year per
launch site could occur in the early phases of Shuttle era. The 20 launches
per year would result in 13-day launch centers. The 10-day launch center
selected in the synthesized timeline appears to be justified in that it could

accommodate up to 26 launches per year.

The comparison of 5-day vg 7-day work weeks is also shown in Figure 2-13,
The 7-day work week vs the 5-day work week would provide nine more
launches per year and for 10-day launch centers. This would increase the
launch rate by 35 percent. Similarly, the 7-day work week could increase
the launch center from ten to 14 days for 26 launches per year, The 7-day
work week could also be used to catch up schedules in the event of payload

delays and other slippages.

The number of payload processing bays required in the payload facility is
a function of the average number of days in the payload flow of operations,
the intervals between launch centers, and when the payload is mated to the
orbiter. These variables may be exercised by using Figure 2-14, which
reveals that by using the 13-day launch center for 20 launches per year,
and by selecting the payload-to-orbiter mate day to occur one day before
launch (L-1), only one payload processing bay will be required for payloads
having flow times under 12 days. A mix of payloads having flows ranging
from 12 through as many as 25 days can be handled by providing two
processing bays. For a 10-day launch center, three processing bays

will accommodate from 16 to 25 days in the processing bays for L-5 mate
day. These examples indicate that three processing bays for 20 launches

per vear are needed to provide some time margin in the processing bays.

The advantage of mating on L-1 day as compared to L.-5 day can be seen in

Figure 2-14. The L-1 day basically provides for four more days in the
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processing bay. These four additional days can be used to shorten the

launch center to eight days and correspondingly increase the launch frequency
to 33 launches per year, or to decreasge the number of payload processing
bays from three to two if the payloads can be processed within 19 working
days. It is evident then, that mating of the payload to the orbiter should be
accomplished as close to launch day as possible with L.-1 day preferred,
Frorn these timelines it can be observed that some type of orbiter simulator

is required if these sc¢hedules are to be maintained.

These timelines are based on the orbiter flow time constraints imposed,
where time allocations for payload mating are minimal and subsequent time
to meet firm launch center schedule commitments does not allow time for
problems. There are other factors that would also appear to support the
need for an orbiter simulator including preventing potential damage to the
orbiter or the payload, providing early knowledge of launch cancellation due
to payload or other problems, providing mission-peculiar "training'' capa-
bility for flight crews, and improving the ready stand-by status of priority

payvloads.

2.5 REDUCED PAYLOAD FLOW OF OPERATIONS

The potential for reducing the payload flow of operations and timelines was
investigated for a typical autonomous payload, which is one defined as
having a minimum or clean interface with respect to the orbiter. The
following assumptions and ground rules were established in this investigation:
(1) The payload is complete and "flight ready' when received
at the launch base. Small non-critical items are excepted
including protective covers, delicate external items such

as sunshades, special supports for transportation, and
other accessory type items.

(2) The payload isoptimized with respect to standardization
of spacecraft or subsystems.



(3)

(4)

(5)

The payload is configured for modular subsystem replace-
ment for maintenance and refurbishment, and compatible
spares are shipped with the payload per the low cost
concept (Ref, 2.2}.

The payload is man-safe., This includes fluid, propulsion,
pyro, and all other systems.

The payload is designed to use ''standardized' or common
test, checkout servicing, and other support equipment
furnished at the launch base for payload use, This includes
unified test equipment (UTE) or equivalent universal type
equipment.

On the basis of these conditions, the following description of the flow of

operations for a typical automonous payload in low, high, or synchronous

orbit was generated and time requirements were estimated. The flow time-

lines are illustrated in Figure 2-15. It will be noted that it appears to be

feasible and reasonable to expect that flows and timelines may be reduced to

approximately half of that presently envisioned. The flow timelines establish

the following conditions:

{1

(4)

Arrival, receive, and inspection {1 work day)

(a) Unload and position in payload processing bay

{b) Establish environment in bay
(c) Evaluate transportation environment tape
(d) Remove from transporter, set up workstands

(e) Inspect payload and store accompanying equipment

Test preparation {l.5 work days)

{a) Minor removals and installations
(b) Critical alignments, calibrations
(c) Start test preps
Test (1.5 work days)

(a) Finish test preps

{b) Conduct payload functional checkout
(c) De-configure from test
Pneu-propulsion (1 work day)

{a) Leak test - load and pressurize
{b) Start flight configuration preps
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(5) Pyro, or other deployment devices (1 work day)
(a) System checkout and load
(b) Finish flight configuration preps
(c) Preps for mating and moving
(6) Tug/Pallet/Modules, if utilized in mission (2 work days)
{a) Move, mate, and check out all interfaces
(b) CST, including payload functional test
(7 Orbiter Simulator (3 work days)

{a) Mate and check out all interfaces
(b) CST, including payload functional checkout
(c) Prep for move to Shuttle area

(8) Orbiter (1 work day)

- (a) Transport to orbiter area
{b) Mate and check out all interfaces
{c) CST, including payload functional checkout
This flow and timeline results in 12 working days from receiving to orbiter
mate and 10 working days from receiving to orbiter mate if Tug/Pallet/

Modules are not utilized.

2.6 STANDARDIZED GROUND EQUIPMENT AND FACILITIES

The standardized or common support equipment to be provided at the launch
base for use by the payloads is important to the attainment of reduced payload
operations. This equipment must be utilized by all payloads designed for

the interfaces. Such a stipulation will preclude the requirement that each
payload provide its own peculiar equipment, which is the practice today.

This should result in lower costs as related to each program as well as

the total mission model over the years. The basic criteria for the equip-

ment follow,

(1) Provide standardized design that is common to, and will
support requirements for, all mission model payloads to
the maximum cost effective extent,
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{(2) Incorporate modular design to encompass the ranges of
payload requirements. This applies to mechanical as
well as electronic equipment and provides a means to
accommodate such variables as fluid flow, pressures,
power, signal input/output limits, payload size, and
center of gravity locations. It also facilitates maintenance
and increases the availability of the AGE,

(3) Design for maximum utilization at all points in the flow of
operations. This includes the prelaunch processing and
orbiter mating areas, launch pad, post-flight safing,
refurbishment and storage areas, and alternate landing
sites.

(4) Design to reduce equipment quantities by providing equip-
ment sharing capability. Incorporate mobility, electronic
transmission, and other means to permit equipment to be
quickly shifted between payloads and locations,

(5) Design equipment for expansion capability to accommodate
potential growth factors in payload requirements and
numbers,

The problem of implementing the concept of providing standardized or com-
mon support equipment at the launch base is neither difficult nor unprece-
dented in function. The equipment should be furnished, controlled, and
maintained by a launch base support agency. This agency should provide a
Shuttle Users Payload Support Handbook to payload programs. Such a
document would provide information and technical data pertinent to the
equipment, facilities, and services available at the launch base and should
be used by the program contractor to accomplish compatible payload design
and planning. The payload program should utilize 2 Program Requirements
Document (PRD) to request the support required, indicate schedules, and

generally facilitate planning by the launch base agency.

An effort was made to define the equipment requirements. An approach
was made by generating a list indicating the areas in the flow of operations
where it would be used, and defining the quantities estimated to be required.

(See Table 2-2). The indicated equipment quantities are based on a postulated
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Table 2-2.

Launch Base Payload Ground Support Equipment

Payload Ground Support Equipment

Payload Operatians use Areas*

Cuantities

.

Process | Orbiter | Launch Poat Refurbish | Sworage | Concurrent

Equipment/Facility Activity Bays(3) | Macte(l} | Pad{l} | Flight{l) Bays(2} Bays{2) inuse Spares| Total
Unified Test Eqm-pmenl computerized universal system - inter-facility capability X X X X x® TO BE DETERMINED
Ground Power 115/480 VAC, 28 VDC| supply, control, manitar 3 ! 1 1 1 7 2 9
Battery activate, charge, monitor, exercise, test 3 L ! ! 1 7 z 9
Propulsion - Fuel/oxidicers accurate load, purge, flush, vent, test 1 1 1 3 l 4
Prneumatics - liguids and gases load, purge, (lush, venL, test E 1 ! ! 5 1 [3
Hyd raulics load, purge, flush, Lest ! 1 2 o 2
Leak Test - Tent{Boath tracer gaa measuring k isolation capability 1 1 2 1 2
Vacuum - high and low source for operataling cxperiments, etc, i i 4 L 3
Pyrotechnic item and sysiem checkout 1 X ] 1 1 4 1 5
Alignments structural and optical 1 L 2 1 3
EMI/EMC generators and measuring capability 1 hd i 2 1 3
Cleaning vacuum, [lushing, measuring, elc. eystem level 2 1 3 1 4
Selar Power Set simple checkout - panel isolatian capability 1 X 1 1 2
Telemetry coax, slave anteana - RF and hardwire links L 1 1 1 4 1 5
Cammunicalians RF generator, standards and measaring X | X 1 3 L 4
Cooling Air - Bay and Umbilicals controlled envirenment, mositor 1 1 1 1 1 5 L ]
Cryogenic Cooling supply, control and moniter 1 X 1 X 2 1 3
Coolant glycol type supply, control, monitor i X 1 3 1 4
Orbiter Simulator form and fit, periorm interface and P/L status checkout 1 1 o 1
Satellite Fixture orbiter fittings - adj, height, rotates, mobile 3 X X % X Z 7 1 8
Module fixture orbiter fittinga - adj, height, rotates, mobile 1 L 1 3 1 4
Pallet fixture erhiter fittings - adj, height, rotates, mobile I 3 L 3 I 4
Upper Stage {ixture orbiter fittings - adj. height, rotates, mobile 1 1 a i
Acceas Stands modular, adjustabie, portable 3 1 1 1 2 1 9 1 10
Payload Transporter payload totally assembled, environment controlled 1 X x 1 Z 1 3
Handling Group slings, dolties, fork lifts, prime movers 3 X X i X 4 1 5
Vapor Detection propellant safety monitoring 3 ] L 1 1 1 8 1 4

abaped on postulated operating system with 20 launch per year capability, equipment sharing is incorporated

X - equipment shared on as=required basis




operating system in which, for instance, three payload processing bays and
one launch pad are utilized. It should also be noted that a degree of equip-
ment sharing was injected. This is evident where use in a particular area

is indicated, although the numerical quantity is omitted. Requirements for
upper stages such as the Tug, Agena, and Centaur are not included in the
listing. Requirements outside those listed will be considered as program-
peculiar and will be the property of, and furnished by, the affected program
agency. This equipment should satisfy requirements for the initial activation
of the Shuttle payload operations at either VAFB or KSC and could be expected
to support early operations up to approximately 20 launches per year. In-
creases in any of the operations use-areas, for any reason, will require

additional equipment in the amounts indicated.

An effort was also made to determine the extent of facilities and services
to be provided at the launch base for payloads in the Shuttle system. These
items would also be included and described in detail in the Shuttle Users
Payload Support Handbook. The listings in Tables 2-3 and 2-4, repre-
senting an approach reflecting the general philosophy, should not be

considered constraining or complete.

2.7 REFURBISHMENT

Refurbishment of the reusable payloads was investigated to determine the
flow of operations and timelines involved. The following assumptions and

ground rules were established.

(1) The payload incorporates the modular replacement concept,
standardized equipment, and clean interface in the design.

(2} The payloads are similar or of a family type.

(3) Refurbishment restores the payload to original design life
condition.

{4) Operations are planned for scheduled/unscheduled returns.
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Table 2-3.

Launch Base/Pad Area/Safing Area Provisions

Area

Facility/Activity

Service

Launch Pad Area

Mobile Service Tower/LUT

Umbilical Tower (All
payload functions go
through orbiter)

Vertical mating/de-mating of payload capability
Payload quick-change capability
Clean room - mated to orbiter payload bay

Hard wire umbilicals

Slave antennas and coax

Payload cooling - air, cryo, coolant
Propellant - load - offload capability
Vent/drain - cryogens, effluents, propellants

Post-Landing
Safing Area

P/L not Demated - Safing
only - critical mission
item removal O.K,
Orbiter returns to orbiter
operations facility for
payload demating.

P/l De-Mated - add to
above, the equipment indi-
cated in P/L Ground Sup-
port Equipment List

Ground power - AC-DC for payload
Propulsion - defueling, flush, purge
Cooling - air, cryogenic, coolant
Pyrotechnic - system c/o, safing

General Launch
Base

(See Facilities Descriptions,
Kennedy Space Center/Air
Force Eastern Test Range,
TR-1080, Rev, 1, 15 May
71, by Space Shuttle Task
Group, Center Planning and

Future Programs, KSC
NASA, Kennedy Space
Center, Florida, 32899)

photography

base medical facilities
base engineering shops
precision measurements
lab

motor pool
chemical lab.
calibration lab.
meteorology




62-2

Table 2-4, Payload Support Facilities and Services

Facility

Service or Activity

*Administration

="Pa.j,rlcba\d operations

*Payload storage

*Flight crew

*Spares storage

*General equipment storage
Optics laboratory
Photo laboratory
Guidance and navigation laboratory
Battery laboratory
Clean laboratory

*Special laboratories
Mechanical shop
Electric/Electronics shop
Gas storage
Dangerous materials storage
Propellant area

office and conference rooms

pre-flight processing

pre/post launch, controlled environment, monitored
room(s) dedicated for payload crew

bonded for AVE, AGE

consoles, mechanical shipping cases

repair, calibration, cleaning

repair, film storage, processing

rate table

storage, activate, service, test

booths, benches, calibration sources

space provided for special use

general repair, maintenance, light fabrication
general maintenance, repair, light fabrication
cylinders, Ne, He, Kr, NZ- Oy, etc.
radioactive calibration source, pyro, etc,
storage, disposal

(If paylecad refurbished on-site add:)

Refurbish area
Thermal-vacuum chamber
Acoustic chamber

Mass properties

Vacuum chambers

disassembly and assembly, test

tie in to unified test equipment

tie in to unified test equipment

weight, balance, spin

black box & subsystem module capability

b .
May be assigned and dedicated to payload from activation through mission requirement.




(5} Complete spares, personnel, and payload-peculiar support
equipment is available at the refurbishment location.

(6) Complete standardized test, checkout servicing equipment,
and support is available at the refurbishment location and
UTE or equivalent is used.

(7 The refurbishment location has acceptance test capability
including thermal-vacuum and acoustic.

(8) Off-launch site location requires four additional days, two
days each going and coming,for transportation preparation
and air delivery.

(9 There is no constraint on the location of the refurbishment
site.

These ground rules and asswmptions provided an approach to establishing a
flow and timeline for the typical autonomous satellite that was developed. It
is presented in Figure 2-16. It should be noted that by accomplishing the
refurbishment operations at the launch site the satellite bypasses several of
the operations normally scheduled for payloads (see Figure 2-2) arriving
from off-site locations. This, together with the elimination of transportation
time, has the effect of reducing reusable satellite refurbishment turnaround

time.

2.8 OBSERVATIONS

Various current payload operation flows and contractors' studies on Shuttle /
payload were reviewed and a detail baseline flow was developed for the
Shuttle mode. Corresponding timelines were investigated and a synthesized
timeline was also developed. It was observed from this task that the flow of
operations and timelines for payloads presently appear to be relatively
insensitive to the type of launch vehicle. This is indicated in comparing
historical data with present contractor approaches to Shuttle operations.
Current payload pre-launch operations are applied extensively to operations
in the Shuttle era, and while the sequence and site may be varied, there are

lttle or no functional differences.
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Using this baseline flow and synthesized timeline, the operations tradeoff
analysis indicated that 10-day launch centers appear nominal for 20 launches
per year per launch site. Servicing this launch rate, with 25 days to process
a payload at the launch site, requires three bays. The three-bay concept

does not include launch site refurbishment operations.

The L-1 mate day is preferred over the L-5 day because it will provide
more time for payload processing and will be closer to the launch date,

thereby minimizing dormancy failures and calibration drifts.

The flow of operations and corresponding timelines for payloads to be used
in the Shuttle system can be reduced if the payload and associated support
equipment and operations are specifically designed to take advantage of the
capabilities offered by the Shuttle system. If this approach to standardiza-
tion is adopted the operational times can be reduced substantially,
Facilities, number of base personnel, payload contractor launch site
support, refurbishment time, and dormancy failures will thereby be reduced.
The list of potential standardized ground equipment, facilities, and pro-
visions are provided. It should be recognized that improvement provided
to the Shuttle system could also be provided to an expendable system. The
significant advantages to be gained, however, are through integration with

the single launch system utilized for all payloads.
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3. TUG OPERATIONS

3.1 INTRODUCTION

Analyses of Tug and tandem Tug performances have been performed to
determine the timelines and velocities. Table 3-1 shows the Tug missions
for which timelines and velocities have been determined. Timelines for
synchronous equatorial missions with single and tandem Tugs were investi-
gated; single Tug trajectories were examined for 12-hr orbits and 110-deg

inclination.

The payload weights for these missions were based on weights from the 1971
NASA mission model. For instance, the 4, 535-kg (10, 000-1b) sync equatorial
represents the Application Technology Satellite class payload, the 635-kg

(1, 400-1b) sync equatorial represents the Comsat class, and the 454.kg

{1, 000-1b) sync equatorial represents the synchronous meteorological type

satellites.

The single Tug configuration agssumed that the Tug 2nd payload are assembled
on the ground. The tandem Tug configuration assumed that the first Tug was
launched first and the second Tug and payload were launched 24 hours later.
The first Tug and second Tug/payload made rendezvous and docked to form
the tandemn Tug in a 185 x 185-km (100 x 100-nmi) x 28. 5 deg orbit.

The Tug characteristics utilized in this study were based on the McDonnell
Douglas OOS configuration {Ref. 3.1). This upper stage gross weight in-
cluding a 4, 535-kg (10, 000-1b) payload was 35, 827 kg (79,000 1b) with
470-sec specific impulse. At the time this study was conducted, the MS¥C
Tug configuration (Ref. 1.3 and 1.4) was not available. This difference in
configuration should not influence the timelines, but it will have a small
influence on the velocities determined for the various maneuvers. The titne-

lines should be representative. It should be recognized that in those



(AR

Table 3-1.

Tug Missions Investigated

Payload Weight

Mission _ Tug
Designation Orbit Mode kg {lb) Configuration
A Synchronous Single 4,535 10, 000 Single &
Equatorial deployment Tandem
B Synchronous Single 1,587 3,500 Single &
Equatorial retrieval Tandem
C 33,618x 37,876 km Multiple 2 + 635 2 x 1,400%% Single
(18,172 x 20,474 deployment
nmi) x 5 deg
D 555 x 555 km Multiple= 3,111 up 8, 800 up Single
(300 x 300 nmi) service 4,925 down 12,800 down
x 110 deg
E Synchronous Multiple 3 + 454 3 x 1,000%%* Tandem
Equatorial service
F Synchronous Single 4,319 9,524 Tandem
Equatorial retrieval
Notes: *single payload up 3,111 kg (8, 800 Ib) and two payloads down 3,111 + 1,814 kg

{8, 800 + 4,000 1b)
**payloads spaced 180°

**¥payloads spaced 120




missions where phasing is used and multiple payloads are deployed, re-
trieved, or serviced at various longitudes the times are a function of the

allocated velocities for these maneuvers.

3.2 DEPLOY IN SYNCHRONOUS EQUATORIAL ORBIT {A)

3.2.1 Single Tug

3.2,1.1 Deploy and Checkout

The Tug is separated from the Shuttle and deployed in the 185-km (100-nmi)
circular parking orbit, On-orbit checkout of the Tug is initiated and com-
pleted during the phasing orbit wait time. Since the nominal Shuttle injection
occurs at approximately maximum declination in the southern hemisphere,
the initial synchronous transfer injection opportunity occurs at the first
ascending node. This happens, however, only 20 minutes after the earliest
possible deployment. For this mission the first synchronous transfer in-
jection opportunity is scheduled for the following descending node. This
occurs approximately 1 hr after injection of the Shuttle into the 185.km
(100-nmi) orbit and imposes the requirement on the Tug that the minimum

tirne for on-orbit checkout be 1 hr. (See Table 3.2),

3.2,1,2 Ascent Phaging

If the Tug is to place the payload at a prescribed longitude in synchronous
orbit, several phasing operations are required. The first operationis a
phasing wait in the 185-km (100-nmi) parking orbit to permit arrival of
synchronous altitude close to the prescribed longitude. in order to maxi-
mize payload capability, the minimum-energy Hobmann transfer has been
adopted in the transfer to synchronous orbit. This transfer results in con-
secutive ascending {or descending) arrival nodes at synchronous orbit being

separated by approximately 22,5 deg of longitude, the nodal longitude shift



Table 3-2. Mission Timeline A — Single Tug

Objective: Deploy 10, 000-1b payload in synchronous equatorial orbit,

Cperation

No. of Burns
(Main Engine)

Velocity
{fps)
{Main Engine)

Time Required
for Operation
{(hr)

10.

Deploy and checkout Tug
(100 x 100-nmi 28. 5 deg orbit),

Phasing wait in 100 nmi

Establish 100 x 19, 323=-nmi transfer
orbit with 2, 2 -deg plane change
and transefer,

Establish near synchronous phasing
orbit {17, 399 x 19, 323 nmi) with
25, 74-deg plane change. Phase for
one revolution,

Establish synchronous equatorial
orbit at required longitude with an
0.56-deg plane change.

Deploy payleoad and maintain orbit
to achieve favorable transfer mode
alignment,

Establish 19, 323 % 100~nmi tranafer
orbit with 26, 3-deg plane change and
transfer.

Establish intermediate 100 X
4,262 -nmi phasing orbit with a
1.15-deg plane change. Phase for
one orbital revolution.

Establish macro-rendezvous with
Shuttle ({00 x 100 nmi) with a
1. 05-deg plane change.

Micro-rendezvous with Shuttle
(attitude control system for
propulsion)

0

0

8, 148

5, 627

245

5, 872

3,751

4, 397

]

561(d)

(a)

2, 9{b)

5.2

22,4

~0.1

15(8)

5.2

2.9

~0.1

~2(€)

Totals

28, 601

g6!P)

Notes:

Minimum available time increment between Shuttle deployment and first nodal

(=)

(b)
(c)
{d)

opportunity is approximately { hr,
Worst-case values.

Agsumed,

2% reserves,

Checkout may be done during Operation 2,




per orbit in the 185-km (100-nmi) parking orbit. By utilizing a maxi~ um

of 8.75 revolutions in the parking orbit {8 revolutions after the first a < 1d-
ing node opportunity previously described), synchronous arrival posit.

can be attained that will position the Tug within 11,3 deg of any desired
longitude. The maximum parking orbit phasing wait is then approximately
12.9 hr. The several methods of achieving the final 11.3 deg of longitudinal
positioning are discussed in the following section. Low earth phasing

orbits would significantly shorten the maximum duration of the activities
described in section 3.2.1,4; high-altitude phasing orbits were adopted,

however, and the 12. 3-hr maximum time applied.

3.2.1.3 Ascent Transfer Orbit

There are several schemes that would provide the phasing required for this
profile. Two that are compatible with the minimum energy Hohmann
transfer have been considered. These are low altitude, outer phasing orbits
and high altitude, inner phasing orbits. To better explain these phasing

orbit alternatives, the Hohmann transfer maneuver is first described.

At the desired node, an impulse velocity is applied to produce a small in-
clination change and to raise apogee to synchronous altitude. At apogee,
the impulsive velocity required to rotate the orbit through the remainder
of the plane change and to inject into the synchronous orbit is added. The
plane change split between apogee and perigee is optimized to minimize the

velocity requirement.

_If this minimum velocity expenditure is to be retained, the maneuvers to
establish the phasing orbits must be provided in either apogee or perigee
injection maneuvers. Low altitude, outer phasing orbits can satisfy this
requirement. Reducing the impulsive velocity added at perigee while retain-
ing the same yaw angle results in an orbit with a perigee altitude of 185 km

(100 nmi), an apogee altitude much lower than synchronous, and smaller



inclination change. The size of the phasing orbit is governed by the magni-
tude of the longitudinal node shift desired. Since these outer phasing orbits
only decrease the longitude of the node, the maximum shift must be the full
22.5-deg longitudinal gap between nodes. This maximum shift results in a
185 x 7, 855-km (100 x 4, 262-nmi) phasing orbit with a period of approxi-
mately 2.9 hr, twice the period of the 185-kun (100-nmi)} parking orbit.

After one revolution in the phasing orbit, perigee is again reached and the
Hohrnann transfer perigee injection is completed. There would be some
apsidal rotation during the transfer but this would be negligible. The apogee
injection would then be made at the required longitude. The major advantage

of this mode is that the maximum phasing time is less than 13 hr.

The phasing orbit mode selected for this profile is a high altitude, inner
phasing orbit. These orbits have apogees at synchronous altitudes and are
attained in a manner directly analogous to the low altitude phasing orbits
just discussed, but they occur at apogee of the transfer., The details of
this mode are described for the maximum node shift case in the Phasing
Orbit description below. The major advantages of this scheme are ease of
navigation and the reduction in midcourse maneuver requirements. The
major drawback is that this mode requires approximately one day longer to

reach synchronous orbit than the low altitude phasing orbit mode.

When the desired ascending or descending parking orbit node is encountered,
the injection into the synchronous transfer orbit is achieved by a single burn
of the Tug main engine, which produces an impulsive velocity of 2, 485 m/sec
{8, 148 ft/sec). This velocity is applied at a yaw angle of approximately

9 deg to reduce the orbit inclination by 2.2 deg and produce an elliptic orbit
with perigee at parking orbit altitude and apogee at synchronous altitude.

The time to transfer from 185 to 35, 748 kan (100 to 19, 323 nmi) is 5.2 hr,

3.2.1.4 Phasing Orbit

The longitude of the arrival node at synchronous orbit is within 22.5 deg of

its desired location. An inner phasing orbit is chosen that will position
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the node at the desired location. The maximum node shift of 22.5 deg (this
inner phasing orbit decreases the node longitude) is achieved by utilizing

a 32,188 x 34, 748-km (17, 399 x 19, 323-nmi) orbit inclined at 0.56 deg to
the equator. To achieve this orbit, an impulsive velocity increment of
1,216 m/{sec (5, 627 ft/sec) must be applied at a yaw angle of 49.5 deg.

The Tug coasts in this phasing orbit for 22.5 hr,

3.2,1.5 Injection Into Payload Orbit

After one revolution in the phasing orbit, the desired longitudinal position
has been attained and the injection into synchronous equatorial orbit is
performed. An impulsive velocity of 75 m/sec (245 ft/sec) added at a yaw

angle of 23,8 deg is required for this maneuver.

3.2,1.6 Deploy Payload

The payload is separated from the Tug and 3 hr are allotted for payload

checkout. The Tug remains in synchronous orbit until the time the return
transfer orbit perigee (again assuming a Hohmann transfer) occurs at the
ascending or descending node of the Shuttle parking orbit., The maximum

wait including one-half the synchronous orbit period totals 15 hr,

3.2,1.7 Descent Transfer Qrbit

When the correct nodal alignment described in section 3.2.1.6 has been
achieved, the return transfer from synchronous orbit to the Shuttle parking
orbit is initiated. This maneuver, which includes a 26, 3-deg plane change,
requires a velocity expenditure of 1, 791 m/sec (5, 872 ft/sec) applied at a

yaw angle of 130.5 deg. The transfer itself consumes approximately 5.2 hr,

3.2.1.8 Return Phasing Orbit

When the Tug arrives at the parking orbit node, the Shuttle will probably be

at some other position in the orbit and an in-plane true anomaly phasing
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maneuver will be required. Since the parking orbit is at such a low altitude,
the elliptical phasing orbit must be an outer phasing orbit. The maximum
phasing angle to be removed can approach 360 deg. To accomplish this
maximum phasing condition in one revolution of the phasing orbit, the apogee
altitude would have to be chosen to provide a period twice the 185-km
(100-nmi) circular orbit period. That apogee altitude is 7, 885 km (4, 262 nmi),
During the phasing wait in this orbit there is a relative node shift between

the Tug and Shuttle because of differing orbit regression rates. Since the
phasing relationships will be known before the synchronous deorbit maneuver,
the departure longitude will be biased to account for this node shift. There
will also be some apsidal rotation in the phasing orbit but this will be small
(0.4 deg) in one revolution, and the altitude change at macro-rendezvous

will be within rendezvous requirement accuracy. In order to minimize the
velocity requirement, the plane change would be split between the injection
into the phasing orbit and macro-rendezvous maneuvers. The velocity re-
quirement to inject into the 185 x 7, 885-kan (100 x 4, 262 -nmi) orbit at
perigee is 1, 139 m/sec (3, 751 ft/sec) applied at a yaw angle of 170, 9 deg.
''he '['ug coasts in this orbit for 2.9 hr. If the true anomaly differential

is less than 360 deg, the period of the phasing orbit and the apogee altitude

will then be reduced.

3.2.1.9 Macro-Rendezvous With Shuttle

When the Tug has completed one revolution in the elliptical phasing orbit,
it will be approaching the Shuttle at a relative velocity of up to 1, 342 m/sec
(4, 400 ft/sec). The Tug performs an impulsive maneuver to cancel this
velocity, leaving the Tug coplanar and coaltitude with and in the near
vicinity of the Shuttle. The velocity required to perform the macro-
rendezvous maneuver from the 185 x 7, 885-km (100 x 4, 262-nmi) phasing
orbit is 1, 341 m/sec (4, 397 ft/sec) applied at a yaw angle of 172 deg.
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3.2,.1.10 Micro-Rendezvous With Shuttle

Safety considerations dictate that the macro-rendezvous maneuver terminate
with Shuttle and Tug at a distance greater than a minimum specified separa-

tion distance. A micro-rendezvous and docking maneuver is required.

The velocity requirement for Mission Timeline A is-8, 552 m/sec (28,040
ft/sec). A 2% reserve has been added for non-nominal performance, result-
ing in a total mission velocity of 8, 723 m/sec (28, 601 ft/sec). A total of

six main propulsion system burns are required, and the total mission dura-
tion (deployment from the Shuttle to recovery by the Shuttle) is a maximum
of 68 hr.

3.2.2 Tandem Tug

3.2.2.1 Deploy Tandem Tug

The tandem Tug is assembled and deployed in the 185-km (100-nmi) circular
parking orbit. On-orbit checkout of the tandem Tug is initiated and is

completed during the phasing wait described in section 3.2.2.2.

3.2.2.2 Ascent Phasing

If the Tug is to place the payload at a prescribed longitude in synchronous
orbit, several phasing operations are required. The first is a phasing wait
in the 185-km (100-nmi) parking orbit. The purpose of this phasing wait is
to permit the arrival at synchronous altitude as close as possible to the
prescribed longitude. Transfer to synchronous altitude is initiated at
either the ascending or descending equatorial crossing (node) of the 185-km
(100-nmi) parking orbit, depending on the final synchronous longitude.
Consecutive nodes of the parking orbit are separated by approximately

22 deg of longitude.

The deployment accomplished in section 3.2.2.1 will occur at some positive

latitude prior to the first descending node of the Shuttle orbit. For worst
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case situations {complete autonomy), the Tug must determine its position
and attitude as well as the on-orbit checkout before it can be ready to leave
for synchronous altitude. Thus, the first opportunity assumed available

will be the first ascending node of the Shuttle orbit.

In view of these facts, the possible arrival longitudes at a synchronous
altitude are separated by 22 deg of longitude. By utilizing a maximum of
eight revolutions in the parking orbit, synchronous arrival positions can be
attained that will place the Tug within 11 deg of any desired final longitudinal

position. Thus, the maximum parking orbit phasing wait is about 12,9 hr,

3.2.2.3 Tandem Transfer Orbit

The transfer to synchronous orbit altitude is accomplished by burning both
stages. The first stage boosts the second stage and payload into an orbit
with a 13, 163-km (7, 115-nmi) apogee. The staging is assumed to take place
in the first revolution (prior to apogee) of the boost orbit. The second stage
coasts to perigee and then continues to burn until the desired apogee condi-
tions are attained (see section 3.2.2.7). The first stage remains in the

boost orbit and coasts.

3.2.2.4 Descent Plane Change for Tug-1

The Tug-1 remains in the boost orbit and coasts to the intersection of the
Shuttle and boost orbit planes where a small plane change is made to account
for the relative nodal regression between the Shuttle and Tug-1. This
amounts to 97 m/sec (317 ft/sec)(l. 78-deg plane change) and includes the

plane rotation of a 180-deg in-plane phasing orbit.

3.2.2.5 Descent Phasing Orbit for Tug-1

The Tug-1 now coasts to perigee and injects into a phasing orbit that will

place Tug-1 in the near vicinity of the Shuttle., In order to have a 180-deg



in-plane phasing angle capability, the phasing orbit would require a pe riod
of 1.5 times the Shuttle orbit period. This orbit would have an apogee
altitude of 4, 261 km (2, 303 nmi) and require a perigee velocity increment of
869 m/sec (2, 848 ft/sec).

3.2.2.6 Parking Orbit for Tug-1

tjJ"Lfter one revolution in the phasing orbit, Tug-1 breaks to the Shuttle orbit.

The phasing orbit can be adjusted to permit any lead or lag angle desired
with respect to the Shuttle. Tug-1 will now remain in this orbit until Tug-2
returns from the synchronous orbit altitude and effects a rendezvous with

it (see section 3.,2.2. 14, below).

3.2.2.7 Ascent Transfer Orbit

In terms of time, this operation follows the separation of Tug-1 and Tug-2
and consists in the second stage coasting through apogee of the boost orbit
to perigee, where it continues the ascent to synchronous orbit altitude. An
alternative that could be used is to allow the second stage to coast to apogee,
and then transfer to synchronous altitude (bielliptic transfer}. For the case
considered, however, an orbit with an apogee altitude of 35, 748 km (19, 323
"nmi) and a perigee of 185 km (100 nmi) is established. A 2.2-deg plane

change is made with this maneuver.

3.2.2.8 Phasing Orbit

As previously described, arrival at synchronous altitude can be attained to
within 11 deg of any desired longitudinal position. This means that addi-
tional phasing may be required to reach the desired longitude. If 11 deg of
phasing are required, the phasing can be completed in approxima* 'y one
day by injecting into a near synchronous orbit, This orbit will have a period

either slightly greater or slightly less than the synchronous orbit period.

&_‘
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The worst-case gituation is shown in Table 3-4. It consists of overinjecting
at the synchronous orbit altitude to establish a phasing orbit with a period
of 24,8 hr. This would advance the longitude position of the satellite 11 deg
per revolution, Retarding the longitudinal position 11 deg per revolution
requires an underinjection resulting in an orbit with a synchronows altitude
apogee and a perigee altitude of 34, 175 km (18, 457 nmi) with a period of
23.3 hr.

Since the plane change angle was split during the ascent, a plane change angle
of 28.5 deg of relative inclination is removed in conjunction with establishing
the near synchronous phasing orbit. The velocity required for this maneuver
is 1,814 m/sec (5, 976 ft/sec).

3.2.2.9 Deploy Payload

After one revelution in the near synchronous phasing orbit, the degired
longitudinal position is attained. At this time a maneuver requiring 38 m/sec
{114 it/sec) is performed. This results in the final synchronous equatorial

orbit. The payload is separated from Tug-2.

3.2.2.10 Phasing Orbit

Tug-2 remains in synchronous orbit until the return transfer perigee occurs
at either an ascending or descending node of the Tug-1 parking orbit. This
phasing wait will be a maximum of 12 hr. It is the reverse problem of the

phasing wait described in section 3,2.2.2,

3.2.2.11 ¢ Deécent Transfer Orbit

When the nodal alignment phasing described in section 3.2,2,10 is complete,
the return transfer from synchronous altitude td the Tug-1 parking orbit
altitude is initiated. This maneuver, including a 26. 3-deg plane change,
requires a velocity increment of 1, 788 m/sec (5, 862 ft/sec). The transfer

“ time is 5.3 hr.
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3,2.2.12 Phasing Orbit Near Tug-1

When Tug-2 arrives at the parking orbit node position, Tug -1 will probably
be at some position in the parking orbit other than the node, and an in-plane
phasing maneuver will be required. Since the parking orbit is at such a

low altitude, the elliptical phasing orbit will have to be an outer phasing
orbit {apogee greater than parking orbit altitude). Allowance has, therefore,
been made for a phasing angle of up to 180 deg that might have to be removed.
To accomplish this phasing in one revelution of the phasing orbit, the phas-
ing orbit apogee altitude would have to be selected such that the phasing
period is very nearly 1.5 times the parking orbit period. This corresponds
to an apogee altitude of 4,261 km (2, 303 nmi). Including the remaining 2.2-
deg plane change, a velocity increment of 1, 765 m/sec (5, 786 ft/sec)
opposing the velocity vector direction is applied immediately upon the
arrival of Tug-2 at the parking orbit node. The one revolution in the phas-
ing orbit takes 2.2 hr. There is no velocity penalty associated with this
rendezvous technique {from synchronous orbit) since outer phasing orbits
with respect to the target orbit are used, If the phasing angle to be removed
is less than 180 deg, the time required for the phasing operation as well as

the velocity required will decrease.

3.2.2.13 Tug-1 and Tug-2 Rendezvous

When Tug-2 has completed one revolution in the elliptical phasing orbit, it
will be in rendezvous position with Tug-1. The Tug-2 phasing orbit is
circularized at this time, thereby theoretically decreasing to zero the
relative velocity between Tug stages. This maneuver requires as additional
velocity increment of 878 m/sec (2, 879 ft/sec) in opposition to the velocity

vector. This completes the macro-rendezvous between the Tug stages.

There will be an error in the macro-rendezvous position and velocity. This

is due to non-nominal performance in the propulsion and attitude control
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systems and uncertainties in both the Tug-1 and Tug-2 orbits. A micro-
rendezvous and docking maneuver is therefore required. It is assumed in
this analysis that the propulsion for this maneuver is provided by the Tug
attitude control system, and the velocitizs are not included in the total
mission velocity. An arbitrary estimate of two orbits was made in this

analysis for the micro-rendezvous and docking operation.

3.2.2.14 Shuttle Rendezvous

Since the Tug-1/Tug-2 rendezvous is conducted in the near vicinity of the

Shuttle, only a micro-rendezvous is required between the Shuttle and the Tug.

The velocity required for the tandem stage operation of Mission 1 isg 9, 766
m/sec (35,020 ft/sec). An additional 213 m/sec (698 ft/sec), representing
a 2% flight performance reserve (FPR} for non-nominal performance in each
stage, results in the total mission velocity of 10, 894 m/sec (35, 718 ft/sec).
A maximum of six main propulsion system burns is required in the second
stage and four in the first stage. The mission duration (Tug deployment to

Tug recovery) is 3.02 days and is shown in Table 3-3.

3.3 RETRIEVE SMALL PAYLOAD FROM SYNCHRONQUS
EQUATORIAL ORBIT (B)

3.3.1 Single Tug

This profile is identical to Mission Timeline A, Single Tug, except that
Operations 6 and 7 consist of a micro-rendezvous and docking maneuver
with the satellite, and phasing in synchronous orbit rather*than payload
deployment and phasing only. Details of this operation are presented in
Table 3-4.

3.3.2 Tandem Tug

This mission consists in retrieving a payload from a synchronous equatorial

orbit with a tandem Tug. Operationally this mission is identical to Mission
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Table 3-3, Mission Timeline A - Tandem Tug

Objective: To deploy a 3, 111-kg (8, 800-1b) payload in synchronous equatorial orbit.

§I-¢

No. of Burns Velocity Time Required
Operation (Main Engine) (fps) for
Tug-1 Tug-2 | Tug-1 | Tug-2 Operation (hr)
1. Deploy and checkout Tug (a)
(100 x 100 nmi X 28,5 deg).
2. Wait in 100-nmi orbit for proper 12.9(b)
departure point.
3. Establish boost orbit 1 5,719 ~0.1
(100 x 7,115 nmi x 28, 5 deg).
4. Tug-1 separates and coasts 1 317 4.1

to intersection of Shuttle orbit
plane and performs node shift to
realign orbit planes.

5. Coast to perigee and establish 1 2,848

phasing orbit with Shuttle
{100 x 2,303 nmi x 28.5 deg).

6. Break to Shuttle orbit and coast 1 2,871 2.2
{100 x 100 nmi x 28,5 deg).
7. Second stage coast to perigee and 1 2, 657 4.1

establish transfer orbit to syn-
chronous altitude with 2. 2-deg
plane change (100 x 19, 323 nmi X
26,3 deg).

{a) Can be accomplished within the phasing wait of Operation 2, if tandem Tug is assembled.
(b) Worst-case value.

(c) 180-deg phasing angle allowed,

(d) Micro-rendezvous assumed accomplished with APS unit,
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Table 3-3. Mission Timeline A - Tandem Tug {Continued)
No. of Burns Velocity . .
Operation (Main Engine} (fps) Time ?(_)iqulred
Tug-1 | Tug-2 | Tug-1 | Tug-2 | Cperation (hr)
8. Coast to apogee and establish high | 5,976 5.2
altitude phasing orbit for final
payload placement with 26, 3-deg
plane change (19,323 x 20,379 nmi
x 0 deg).
9. Establish final orbit and deploy | 114 24,8
payload (19,323 X 19,323 nmi X
0 deg).
10. Coast for Shuttle nodal alignment 12 (b)
return opportunity (19, 323 x
19,323 nmi x 0 deg).
11, Deorbit to Shuttle altitude with i 5, 862 5.2
26.3 -deg plane change angle and
coast to perigee (100 X
19,323 nmi X 26.3 deg).
12, Establish Shuttle phasing orbit 1 5,786 2.2
with 2, 2-deg plane change angle
(100 x 2,303 nmi x 28. 5 deg).
13. Break to Shuttle orbit and rendez- 1 2,870 3.0
vous with first stage. (d)
14. Rendezvous with first stage in (d) 3.0
Shuttle orbit, then with Shuttle,
Subtotal 4 6 11,755 | 23, 265 72.5
2% FPR 234 464
Total 4 6 11,989 | 23,729 72,5




Table 3-4. Mission Timeline B ~— Single Tug

Objective: Non-time-critical retrieval of a 3, 500-1b payload from

synchronous equatorial orbit.

Velocity Time Required
No. of Burns (fps) for Operation
Operation {Main Engine) | (Main Engine) (hr})
1. Deploy and checkout Tug ] 0 (2}
(100 x 100~-omi 28, 5-deg orbit),
2. Phasing wait in 100-nmi orbit. o 0 12,9
3. Establish 100 x 19, 323-nmi transfer i 8, 148 5.2
orbit with 2,2 -deg plane change.
Coast to apogee.
4. Establish near-synchronous phasing 1 5,627 22.4
orbit (17,399 x 19, 323 nmi) with
25, T4-deg plane change and phase
for one revolution.
5. Establish synchronous equatorial 1 245 0.1
orbit at required longitude with
0. 56 -deg plane change.
6. Perform micro-rendezvous with 0 0 12(C)
satellite {attitude control system
for propulsion).
7. Phase for correct node alignment. 0 0 12“)]
8, Inject into 19,323 X 100-nmi transfer 1 5,872 5,2
with 26, 3-deg plane change and
coast to perigee.
9, Establish intermediate 100 x 4, 262~ 1 3,751 2,9
nmi orbit with a 1, 15-deg plane
change. Phase for one revolution.
10, Perform macro-rendezvous with i 4, 397 0.1
Shuttle (100 x 100 nmi) with a
1. 05-deg plane change,
i1, Micro-rendezvous with Shuttie 0 o Z{C)
{attitude control system for (a)
propulsion) 567
Totals 6 28,601 75 hr
(a) Minimum time available before fst burn is approximately 1 hr, Performed
during phasing wait., (Operation 2),
(b) Worst-case values.
{c) Assumed,
(d) 2% reserves,




Timeline A, Tandem Tug with the exception of an additional function. This
function is performed in Operation 9 and consists of rendezvous, docking,

and retrieval of the payload. (See Tables 3-3 and 3.5).

Since the configuration is lighter at liftoff, Tug-1 will have a higher boost
orbit apogee altitude of 17, 964 km (9, 710 nmi). The subsequent phasing
orbits and velocity increments are correspondingly changed. The total
velocity required to perform this mission is 10, 948 m/sec (35, 896 ft/sec)

including the 2% FPR. The mission duration is 3,03 days.

3.4 DEPLOY IN 24-HR ORBIT WITH SINGLE TUG (C)

The objective of this mission is to deploy two 635-kg (1, 400-1b) satellites
into a 33,617 x 37,875-lan (18,172 x 20, 474-nmi) 24-hr orbit inclined at
5 deg to the equator. These satellites are to be separated in the orbit by
a 180-deg true anomaly differential. (See Table 3-6).

3.4.1 Deploy and Checkout

Same as Operation 1 of Mission Timeline A - Single Tug Stage.

3.4.2 Phasing Orbit

The capability to place the satellites in orbit with an arbitrary node location
has been provided. Several phasing operations are required to implement
thisg capability. The first operation is a phasing wait in the 185-km (100-nmi}
parking orbit to permit arrival at the point of injection into the final orbit
close to the desired nodal longitude. In order to minimize stage size a
Hohmann transfer has been adopted for the transfer. This transfer results
in consecutive ascending (or descending) arrival nodes at synchronous orbit
being separated by approximately 22,5 deg of longitude, the nodal longitude
shift per orbit in the 185-km (100-nmi)} parking orbit. By utilizing a maxi-

mum of 8.75 revolutions in the parking orbit (8 revolutions after the first
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Table 3-5, Mission Timeline B - Tandem Tug

Objective: Retrieve a 1,587-kg (3,500-1b) payload from synchronous equatorial orbit.

Operation

No. of Burns
(Main Engine)

Velocity
(fps)

Tug-1 | Tug-2

Tug-1

Tug-2

Time Required
for
Operation (hr)

Deploy and checkout Tug
(100 x 100 nmi x 28, 5 deg).

Wait in 100-nmi orbit for proper
departure point,

Establish boost orbit {100 x
9,710 nmi x 28,5 deg).

First stage separates and coasts
to intersection of Shuttle orbit
plane and performs node shift
maneuver to realign orbit planes.

First stage coast to perigee and
establishes phasing orbit with
Shuttle (100 x 2,303 nmi X

28.5 deg).

First stage breaks to Shuttle orbit
and coasts (100 X 100 nmi X
28,5 deg).

Second stage coasts to perigee of
boost orbit and establishes transfer
orbit to synchronous altitude with
2.2-deg plane change (100 X

19,323 nmi X 26,3 deg).

6, 524

455

3, 653
(c)

2,871

1,993

(a)

12.9(b)

5.3

5.3

2,2

5.3

(a)
(b)
(c)
(d)

Can be accomplished within the phasing time of Operation 2, if tandem Tug is assembled,

Worst-case value,
180-deg phasing angle allowed,

Micro-rendezvous performed with APS unit,
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Table 3-5, Mission Timeline B - Tandem Tug (Continued)

No. of Burns Velocity Time Reduired
Operation - (Main Engine) (fps) fo:[
Tug-1 | Tug-2 | Tug-1 | Tug-2 | Operation (hr)
8. Coasts to apogee and injects into 1 5, 825 5.3
near-synchronous phasing orbit
to rendezvous with payload with
26,3-deg plane change (19, 323 x
18, 876 nmi x 0 deg).
9. Establishes synchronous orbit and 1 51 23,6
rendezvous with payload (19, 323 x (d)
19,323 nmi x 0 deg).
10. Coasts for Shuttle nodal alignment 12, 0(b}
return opportunity,
11. Deorbits to Shuttle altitude with 1 5, 875 5.3
26.3-deg plane change and coasts
to perigee {100 x 19,323 nmi X
26.3 deg).
12, Establishes phasing orbit with 1 6, 057 2,2
Tug-1 with 2. 2-deg plane change (c)
(100 x 2,303 nmi x 28,5 deg).
13, Establishes Shuttle orbit and | 2,870 3.0
rendezvous with first stage (100 x {d) ’
100 nmi x 28, 5 deg).
14. Rendezvous with Shuttle, {d) 3.
Subtotal 4 6 13,503 | 22, 671 72.7
2% FPR 270 452
Total 4 6 13,773 ] 23, 123 . 72,7




Table 3-6.

Mission Timeline C — Single Tug

Objective: Deploy two 1,400-2b satellites in a 18,172 X 20, 474-nmi

5-degree inclined orhit.

No, of Burns

Velocity
(fps)

Time Required
for Operation

Operation (Main Engine) { (Main Engine) (hr)
1. Deploy and checkout Tug 0 0 (a)
(100 x {00-nmi 2B, 5-deg orbit}.
2. Phaaing wait in 100-nmi orbit. 0 0 to. of®)
3. Establish intermediate phasing i 4, 398 Z. 9(b)
orbit (100 x 4,262 nmi for maximum
phasing) with i = 27, 3 deg and
coast for one revolution.
4, Establish 100 % 18, 172 -nmi transfer 1 3,616 4,9
orbit i = 26, 55 deg and coast to
apogee,
5. Inject into 18, 172 X 20, 474 -nmi 1 5, 859 ~0.1
orbit ati = 5 deg.
6. Deploy satellite No. 1. 0 Q 6
‘7. Establish a phasing orbit to deploy 1 639t°) 6ol
satellite No, 2 (18,172 % 27, 714 nmi)
and coast for 2 revolutions,
8. Establish final orbit for satellite 1 639(c) ~0.1
No. 2.
9. Deploy satellite No. 2. 0 0 ~0, 1
10. Phase to Shuttle orbit plane inter -~ 0 0 10
section near apogee,
i, Inject into 100 X 20, 296-nmi transfer i 5, 350 &
orbit ati = 26. 55 deg and coast to
perigee,
12. Establish phasing orbit (100 x 4,262 1 3,825 2.9(®)
nmi at i = 27, 3 deg) and coast for
one revolution.
13. Perform macro-rendezvous with i 4,398 ~0.1
Shuttle {100 x 100 x 28, 5 deg)
14, Micro-rendezvous with Shuttle 0 0 ~2
(AGS for propulsion). 5741d)
Totals 8 29,298 105 hr or
4,3 days
{a) Minimum time available before first burn is approximately { hr. Performed

{b)
(c)
(d)

during phasing wait.

Worst-case value,

Trade between time and velocity.
2% velocity reserve.




descending node opportunity) synchronous arrival positions can be attained
that will position the Tug within 11.3 deg at any desired longitude. The
maximum parking orbit phasing wait would be 12.9 hr. This accuracy is
not sufficient for the profile under consideration. Both low altitude outer
and high altitude inner phasing orbits are compatible with the Hohmann
transfer. The low altitude orbit decreases the longitude of the arrival node
and could require a longitudinal node shift of up to 22.5 deg. The period
associated with this maximum shift is twice the parking orbit period and
corresponds to an apogee altitude of 7,855 km (4, 262 nmi) for a 185-km
{100-nmi) perigee, With this technique the maximum waiting time in the

parking orbit is 12.9 hr.

3,4.3 Intermediate Phasing Orbit

A low altitude outer phasing orbit has been selected for attaining the desired
node locations of the payload orbit. As previcusly discussed, the maximum
phasing orbit apogee altitude is 7, 855 kn (4, 262 nmi), To minimize the

total velocity requirement the plane change is split between maneuvers per-
formed at perigee of the transfer orbit {1.95 deg) and the injection at

apogee of this transfer orbit (21,55 deg). For the phasing orbit chosen

for this representative profile, 185 x 7, 855-km (100 x 4, 262-nmi) orbit, a
plane change of 1.2 deg is included in the perigee injection to establish the
phasing orbit. An impulsive velocity of 1, 341 m/sec (4, 398 ft/sec) applied
at a yaw angle of 9 deg is required to establish this orbit and rotate it through
the desired plane-change angle. This maneuver is performed at a node. The

Tug payload combination then coasts in this phasing orbit for one revolution.

3.4.4 Transfer Orbit

After one revolution in the phasing orbit the Tug injects at perigee into the
transfer ellipse that intersects the desired payload orbit at apogee of the

transfer ellipse. The perigee of the transfer orbit is the 185-km {100-nmi)
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parking orbit. Apogee can be at any point on the payload orbit. Preliminary
analyses indicate the minimum total impulsive velocity for achieving the
orbit is achieved if the payload orbit is oriented with its apogee at the apogee
of the transfer orbit. (For this analysis it has been assumed that the payload
orbit has its apsides at the orbit nodes.) If the apogee of the transfer orbit
is located at any other point on the payload orbit, the total velocity require-
ment is increased. At perigee this increase amounts to approximately

110 m/sec {360 ft/sec). The apogee of the transfer orbit is then at an
altitude of 33,618 km (18, 172 nmi).

An impulsive velocity of 1,103 m/sec (3,616 ft/sec) is added at a yaw angle
of 7.8 deg at perigee of the 368 x 7, 855-km (199 x 4, 262-nmi} phasing orbit
to establish the transfer orbit, The Tug then coasts for 4.9 hr to reach

apogee.

3.4.5 Inject Into Payload Orbit

At apogee of the transfer orbit, the Tug injects into perigee of the payload
orbit. The impulsive velocity requirement for this injection is 1, 787 m/{sec

(5, 859 ft/sec) applied at a yaw angle of 41.7 deg.

3.4.6 Deploy First Payload

The first of the two satellites is deployed immediately following the injection

maneuver.

3.4.7 Phasing Orbit For Second Payload

The Tug then injects into a phasing orbit to provide the required 180-deg
true anomaly differential. This injection can again be performed at any
point on the payload orbit. Two cases were considered for this analysis:
apogee and perigee. The cost of establishing an inner and an outer phasing

orbit at each was evaluated for a 60-hr phasing period. The results
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presented in Table 3-6 indicate that the outer phasing orbit with injection
at the payload orbit perigee is the least expensive of the combinations

considered. This mode was then adopted for this profile,

The impulsive velocity required to perform this phasing maneuver is a
function of time allotted to perform the maneuver. Since there are no
criteria for selecting this time, the 60-hr period was selected as being

representative, and was used in this profile.

Immediately after separating the first payload the Tug adds an impulsive
velocity increment of 195 m/sec (639 ft/sec) along the velocity vector
establishing the 33,618 x 51,271-km (18,172 x 27, 714-nmi) phasing orbit.

The Tug then coasts for two revolutions on this 30-hr period orbit,

3.4.8 Inject Into Payload Orbit

At the completion of the second revolution in the payload orbit, the Tug
injects into the payload orbit. At this time the first satellite has completed
two and one-half revolutions in the payload orbit and is at apogee 180 deg
ahead of the Tug. This injection is a retrograde maneuver requiring an

impulsive velocity increment of 196 m/sec {639 ft/sec).

3.4.9 Deploy Second Payload

The second satellite is then deployed. The Tug, free of payload, coasts
in the payload orbit until the correct geometry for transfer to the Shuttle

low earth parking orbit occurs.

Again, there are several transfers that could be used to reach the desired
low earth orbit. The 'direct transfer" selected for this profile is not
necesgsarily optimum, but it is simple and does not entail large phasing
tirr This ''direct transfer' is defined as the intersection of the Shuttle

ar -0oad orbit planes. This line of nodes, referred to here as the plane
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line, intersects both Shuttle and payload orbits at two locations. The inter-
section of the plane line with the payload orbit near apogee is chosen as the
departure point for the transfer orbit since it is the first to occur after the
second payload deployment. The intersection of the Shuttle orbit that is
most nearly antipodal to the departure point becomes perigee of the transfer

orbit.

The phasing time in the payload orbit required to achieve the departure

condition for the mission times assumed is approximately 10 hr,

3.4.10 Phasin_g Orbit

The Tug injects into the transfer orbit at an altitude of 37, 555 km (20, 300
nmi) where the payload orbit flight path angle is approximately 1,52 deg, A
velocity increment of 1, 651 m/sec (5, 380 ft/sec) is applied at a yaw angle
of approximately 161 deg to establish the transfer ellipse. Since the flight
path angle is positive, apogee of the transfer orbit has not been reached.

The coast time in this orbit is approximately 6 hr.

3.4.11 Agcent Transfer Orbit

The discussion presented for Operation 8 of Mission Timeline A - Single
Tug is directly applicablé to this operation. Only the values of the

injection parameters vary.

The velocity requirement for injection into the 185 x 7, 855-km (100 x 4, 262-
nmi) orbit is 1, 167 m/sec (3, 825 ft/sec) applied at a yaw angle of 170 deg.

3.4.12 Phasing Orbit

Same as Operation 9 of Mission Timeline A - Single Tug.

3.4.13 Macro-Rendezvous

Same as Operation 10 of Mission Timeline A - Single Tug.
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The velocity requirement for Mission Timeline C is summarized in Table
3-6. A 2-percent reserve has been added, yielding a total mission velocity
requirement of 8, 936 m/sec (29, 298 ft/sec). Eight main engine burns are

required during the profile, which takes 4.3 days to accomplish.

3.5 SERVICE TO LOW SUN SYNCHRONOUS ORBIT (D)

3.5.1 Deploy and Checkout

A single Tug with a 3, 991-kg (8, 800-1b} package for servicing is separated
from the Shuttle and deployed in a 185-km (100-nmi) circular orbit at 110-
deg inclination. The Shuttle was launched in plane to minimize plane change

requirements.

3.5.2 Phasing Orbit

The Tug is required to coast in the 185-km (100-nmi) orbit to attain the

proper phase angle relationships with the satellite to be retrieved.

3.5.3 Transfer Orbit

The first maneuver is to establish a Hohmann transfer orbit to the vicinity
of the target satellite. A velocity expenditure of 105 m/sec (315 ft/sec) and

a transfer titme of 0.8 hr is required,

3.5.4 Inject Into Payload Orbit

At apogee of the transfer orbit 2 95-m/sec (311-ft/sec) impulse is added to

circularize the orbit.

3.5.5 Macro-Rendezvous

The macro-rendezvous maneuver uses 28 m/fsec (93 ft/sec).
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3.5.6 Station-keeping

The Tug prepares itself for final rendezvous and docking by acquiring the

proper approach heading and orientation.

3.5.7 Micro-Rendezvous and Dock

The final rendezvous and docking is accomplished arbitrarily, using one

orbit for this purpose.

3.5.8 Phasing Orbit

In order to compensate for the difference in angular rate between the Tug
and Shuttle orbits, a phasing orbit must be used. An impulse of 387 m/sec
(1, 270 ft/sec) is added by the Tug to establish this orbit,

3.5.9 Transfer Orbit

A velocity of 98 m/sec {320 ft/sec) is used to lower the perigee radius to that
of the Shuttle.

3,5.10 Macro-Rendezvous

The macro-rendezvous is completed by breaking the Tug and payload into
the Shuttle orbit at 185 ki (100 nmi).

3.5.11 Micro-Rendezvous

The micro-rendezvous is accomplished by using the ACS system. The
detail timeline is shown in Table 3-7. The total time required is approxi-

mately 0.7 days including 0. 75 hr of station-keeping time.

3.6 SERVICE TO SYNCHRONOUS EQUATORIAL ORBIT (E)
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Table 3-7.

Mission Timeline D — Single Tug

Objective: To carrya 3,111l-kg (8, 800-1b} package for servicing, and to retrieve a
1,814-kg (4, 000-1b) satellite from a 555-km (300-nmi) cizrcular orbit with an
inclination of 110 deg.

Velocity Time Required
No. of Burns (fps) for Operation
Operation {Main Engine} | (Main Engine) {hr)
1. Deploy and checkout Tug. 0 0 (a)
Performed during phasing wait
(100/100/110 deg).
2. Phasing wait in 100-nmi orbit. 0 ¢ 7.4
3. Establish transfer orbit 1 315 0.8
(100 % 280 nmi).
4, Inject into circular orbit 1 31 0.1
280 x 110 deg.
5, Macro-rendezvous (300 x 300). i 93 0.9
6. Stationkeeping. 0 0 0. 45
7. Rendezvous and dock. ot 0 0.5
8. Establish transfer orbit 1 1,270 4,8
(300 x 1, 176 nmi]j.
9. Perigee deboost 300 to 100 nmi. 1 320 0.9
10, Macro-rendezvous with Shuttle 1 1, 620 0.5
(100 x 100 % 110 deg).
11, Micro-rendezvous with Shuttle, O(b) 79(0) 0,4
Totals 4, 008 16.75

Notes:

(a) Minimum time before first burn ~1 hr.

(b} Accomplished with APS,

(c)

2% flight performance reserve.
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3.6.1 Deploy and Checkout Tug-1

Tug-1 is separated from the Shuttle and deployed in the 185-km (100-nmi)
circular parking orbit. Onworbit checkout of Tug-1 is initiated and completed

during the orbit wait time of Operation 2.

3.6.2 Parking Orbit

Tug-1 coasts in orbit while the second Tug stage (Tug-2) with the payloads
is readied and launched into a coelliptic orbit., The one-day time delay is

an arbitrarily assumed Shuttle launch sequence.

3.6.3 Deploy and Checkout Tug-2 and Payload

Tug-2 with the three 454-kg (1, 000-1b) payloads is separated from the Shuttle
and deployed in the 185-km (100-nmi) circular parking orbit. On-orbit
checkout of Tug-2 is initiated and completed during the phasing orbit wait

time,

3.6.4 Macro-Rendezvous

Coincident with Operation 3, Tug-1l initiates phaéing with Tug-2,

3.6.5 Dock

Tug-1 finalizes a rendezvous and docks with Tug-2,

3.6.6 Ascent Phasing Orbit

For the Tug to place the payload at a prescribed longitude in synchronous
orbit, several phasing operations are required. The firstis a phasing wait
in the 185-km (100-nmi} parking orbit. The purpose of this phasing wait

is to permit arrival at synchronous altitude as close as possible to the

prescribed longitude. Transfer to synchronous altitude is initiated at either
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the ascending or descending equatorial crossing (node) of the 185-km
{100-nmi) parking orbit, depending on the final synchronous longitude. The

maximum parking orbit phasing wait is about 11.8 hr.

3.6.7 Transfer Orbit, Tandem Tug

The transfer to synchronous orbit altitude is accomplished by burning both
stages. The first stage boosts the second stage and paylead into an orbit
with a 20, 126-km (10, 879-nmi) apogee. A 2.2-deg plane change is made
with this maneuver. The staging is assumed to take place in the first
revolution (prior to apogee) of the boost orbit, The second stage coasts to
perigee and then continues to burn until the desired apogee conditions are
attained (Operation 8). The first stage remains in the boost orbit and

coasts.

3.6.8 Ascent Transfer Orbit, Tug-2

This operation in terms of time follows the separation of Tug-1 and Tug-2
and consists in the second stage coasting through apogee of the boost orbit
to perigee where it continues the ascent to synchronous orbit altitude. An
alternative that could be used is to allow the second stage to coast to apogee,
and then transfer to synchronous altitude (bielliptic transfer). For the case
considered, however, an orbit with an apogee altitude of 35, 748 lkam (19, 323
nmi) and a perigee of 185 krn (100 nmi) is established.

3.6.9 Tug-1 Transfer Orbit

Tug-1 now coasts to perigee and injects into a phasing orbit that will place

it in the near vicinity of the Shuttle.

3.6.10 Inject Into Synchronous Equatorial Orbit

Tug-2 injects into synchronous orbit when it arrives at apogee. Since the

plane-change angle was split during the ascent, a plane-change angle of
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relative inclination is removed in conjunction with establishing the synchro-
nous orbit. The velocity required for this maneuver is 1, 796 m/sec (5, 887

ft/sec).

3.6,11 Tug-1 Phasing Orbit

After one revolution in the phasing orbit Tug-1 breaks to the Shuttle orbit.
The phasing orbit can be adjusted to permit any lead or lag angle desired

with respect to the Shuttle,

3.6.12 Payload Deployments

These maneuvers consist in establishing the orbits of each individual payload
to be deployed. Intermittent maneuvers are used to rendezvous and dock
with the replaced satellites to be retrieved. The details are presented in
Table 3-8,

3.6.13 Phasing Orbit

This operation is similar to the phasing required in Operation 6. Since a
particular node is required, the opportunity to return occurs twice a day.

Thus, a maximum of 12 hr may elapse before Tug-2 may return,

3,6.14 Descent Transfer Orbit

Tug-2 now transfers to 185 x 35, 748-km (100 x 19, 323-nmi) orbit. A 26, 3-

deg plane change is made with this maneuver.

3.6.15 Phasing Orbit

Tug-2 now makes a maneuver similar to that of Tug-1 in Operation 9 in order

to phase with its Shuttle,
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Table 3-8, Mission Timeline E - Tandem Tug

Deploy and retrieve three 4,535-kg (1, 000-1b) payloads from

synchronous equatorial orbit.

No. of Burns Velocity Time Required
Operation (Main Engine) (fps) for
Tug-1 | Tug-2 | Tug-1 | Tug-2 | Operation (hr)

Deploy and checkout Tug-1
(100 x 100 nmi x 28, 5 deg}.
Wait in {00-nmi orbit for launch 24
opportunity of Tug-2.
Deploy and checkout Tug-2
(100 x 100 nmi x 28.5 deg).
Tug-1 injects to establish phasing 1 533 23.5
orbit with Tug-2 and coasts
(100 x 411 nmi x 28,5 deg).
Tug-1 breaks to Tug-2 orbit and to 1 583 10
rendezvous with Tug-2 (100 x
100 nmi x 28, 5 deg).
Wait in 100-nmi orbit for proper 11. 8
departure point.
Establish boost orbit with 2. Z2-deg 1 6, 901 ~0.1
plane change (100 x 10, 879 nmi X
26,3 deg) and Tug-1 separates,
Tug-2 coasts to perigee and estab- i 1,260 5,88
lishes transfer orbit (100 x
19,323 nmi x 26,3 deg).




Ee-¢

Table 3-8. Mission Timeline E - Tandem Tug (Continued)

-

Operation

No. of Burns
(Main Engine)

Time Required
for
Operation (hr)

10,

11.

12.

13.

14.

15.

16.

17.

18,

Tug-1 coasts to perigee and
establishes phasing orbit with
Shuttle (100 x 411 nmi x 28.5 deg),

Tug-2 coasts to apogee and injects

into synchronous equatorial orbit
(19,323 x 19,323 nmi X 0 deg).

Tug-1 breaks to Shuttle orbit and
performs rendezvous.

Tug-2 establishes phasing orbit
for placement of first payload
(18,390 x 19,323 nmi x 0 deg).

Deploy payload and rendezvous
with satellite to be retrieved.

Establish phasing orbit to deploy
payload No., 2 (19,323 x 28, 948
nmi x 0 deg]).

Establish payload No. 2 orbit
(19,323 x 19,323 nmi X 0 deg).

Deploy payload No. 2 and rendez-
vous with 2nd satellite to be
retrieved,

Establish phasing orbit to deploy
payload No. 3 (19,323 x
28,948 nmi X 0 deg).

Establish payload No. 3 orbit
(19,323 x 19,323 nmi x 0 deg).

Tug-1 | Tug-2
1
1
1
2
2
1
1
2
1
1

Velocity
(fps)
Tug-1| Tug-2

6,368
5, 887
583
212
50
845
845
50
845
845

5,88

33.5

23,2

10

31.9

10

31.9

~0.1
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Table 3-8. Mission Timeline E - Tandem Tug (Continued)
No. of Burns Velocity : .
. . Time Required
Operation (Main Engine) (fps) for
Tug-1 | Tug-2 | Tug-1| Tug-2 Operation (hr)
19, Deploy payload No. 3 and 2 50 10
rendezvous with 3rd satellite to
be retrieved,
20, Tug-2 waits for Shuttle nodal 12,0
alignment return opportunity,
21, Deorbit to Shuttle altitude with ! 5, 887 5,25
26, 3~deg plane change (100 X
19,323 nmi x 26,3 deg).
22, Establish phasing orbit to Shuttle 1 6, 369 23.5
with 2. 2-deg plane change
(100 x 411 nmi X 28. 5 deg).
23. Tug-2 breaks to Shuttle orbit and 1 583 10
performs rendezvous,
Totals 5 17 4,565 | 7,237 #1 108, 8
m/sec| m/sec
#2 224, 6
(14,968 (23,728
ft/sec) ft/sec)| overall 248,5




3.6.16 Rendezvous and Dock

Tug-2 finalizes its rendezvous with the Shuttle. The detail timeline is
shown in Table 3-8. The total time including the deployment of three pay-
loads is 10, 3 days.

3.7 RETRIEVE LARGE PAYLOAD FROM SYNCHRONOUS ORBIT (F)

3.7.1 Deploy and Checkout Tug-1

Tug-1 is separated from the Shuttle and deployed in the 185-kmn (100-nmi)
circular parking orbit. On-orbit checkout of Tug-1 is initiated and com-
pleted during the orbit wait time. Tug-1 coasts in orbit while Tug-2 is
readied and launched into a coelliptic orbit. The one-day time delay is an

arbitrarily asgumed Shuttle launch sequence. (See Table 3-9.)

3.7.2 Deploy and Checkout Tug-2

Tug-2 is separated from its Shuttle and deployed in the 185-km (100-nmi)}
circular parking orbit. On-orbit checkout of Tug-2 is initiated and com-

pleted during the phasing orbit wait time.

3.7.3 Macro-Rendezvous - Tug-1

Coincident with Operation 2, Tug-1 initiates phasing with Tug-2.

3.7.4 Rendezvous and Dock

Tug-1 achieves a rendezvous and docks with Tug-2. For the Tug to place
the payload at a prescribed longitude in synchronous orbit, several phasing
operations are required. The first is a phasing wait in the 185-km (l00-nmi)
parking orbit. The purpose of this phasing wait is to permit arrival at
synchronous altitude as close as possible to the prescribed longitude.

Transfer to synchronous altitude is initiated at either the ascending or
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Table 3-9, Mission Timeline F' - Tandem Tug

Mission Objective: Retrieve a 4,535-kg (10, 000-1b) payload from synchronous equatorial

orbit.
No. of Burns Velocity . .
. . Time Required
Operation (Main Engine} (fps) for
Tug-1 Tug-2 Tug-1 Tug-2 Operation (hr)
1, Deploy Tug-1 into 100 X 100-nmi X 1.6
28, 5-deg orbit.
Tug-1 coasts into 100 X 100-nmi X 24, 0(a)
28, 5-deg orbit for launch opportu-
nity of Tug-2.
2. Launch Tug-2 into 100 X 100-nmi X 1,6
28, 5-deg orbit, establish
ephemeris.
3. Tug-1 injects into phasing orbit 1 550 24, 0{b)
and coasts.
4, Tug-1 recircularizes into 100 X 1 700 3.0
100-nmi x 28, 5-deg orbit and
effects micro-rendezvous with
Tug-2.
Coast to departure point, 13.2(¢)
5. Establish boost orbit (100 X 1 6,930 0,2
12,700 nmi x 28,5 deg) and
separate Tug-1.
(a) Assumed
(b) Time - AV trade
(e) Worst-case values ~
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Table 3-9. Mission Timeline F - Tandem Tug (Continued)

No. of Burns Velocity Time Required
Operation (Main Engine) (fps) for
Tug-1{ Tug-2| Tug-1| Tug-2 | Operation (hr)
6. Tug-2 coasts to perigee and 1 1,222 6.8
establishes transfer orbit with
2, 2-deg plane change.
Tug-1 coasts to perigee and | 6,380 6.8
establishes phasing orbit (100 x
TBD nmi x 28. 5 deg).
7. Tug-2 coasts to apogee and injects 1 7,000 5.3
into 19, 323 x 19,323 % 50-nmi X
O-deg orbit,
Tug-1 coasts to perigee, 1 700 27, 0(b)
circularizes, and performs
micro-rendezvous with Shuttle,
8. Tug-2 coasts one revolution and 1 155 27. 0(b)
performs micro-rendezvous with
payload and docks (walking orbit),
9. Tug-2 coasts for correct node 12, 0(c}
alignment.
10. Inject into 19, 323 X 100~nmi X 1 5,872 5.2
26. 3-deg orbit and coast to perigee.
11, Establish intermediate (4, 262 x 1 3,751 2.9
100 nmi) with 1. 15-deg plane
change, Phase for one revolution.
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Table 3-9. Mission Timeline F - Tandem Tug (Continued}

Operation

No. of Burns
(Main Engine)

Velocity
(ips)

Tug-1 | Tug-2

Tug-1 Tug-2

Time Required
for
Operation (hr)

12, Perform micro-rendezvous with 1 4,397 0.1
a 1, 05-deg plane change,.
Micro-rendezvous with Shuttle 2.0
{ACS for propulsion).
Totals 5 6 15,262 | 16, 097 #1 99.8
#2 103,3




descending equatorial crossing (node) of the 185-km (100-nmi} parking orbit,
depending on the final synchronous longitude. The maximum parking orbit

phasing wait is about 11.8 hr.

3.7.5 Transfer Orbit - Tandem Tug

The transfer to synchronous orbit altitude is accomplished by burning both
stages. The first stage boosts the second stage and payload into an orbit
with a 23, 495-km (12, 700-nmi} apogee. The staging is assumed to take
place in the first revolution {prior to apogee) of the boost orbit, The second
stage coasts to perigee and then continues to burn until the desired apogee
conditions are attained {(Operation 6). The first stage remains in the boost

orbit and coasts.

3.7.6 Tug-1 and Tug-2 Transfer Orbit

This operation in terms of time follows the separation of Tug-1 and Tug-2
and consists in the second stage coasting through apogee of the boost orbit
to perigee, where it continues the ascent to synchronous orbit altitude. An
alternative that could be used is to allow the second stage to coast to apogee,
and then transfer to synchronous altitude (bielliptic transfer)., For the case
considered, however, an orbit with an apogee altitude of 35, 748 km (19, 323
nmi) and a perigee of 185 ki (100 nmi) is established., A 2.2-deg plane

change is made with this maneuver.

The first stage now coasts to perigee and injects into a phasing orbit that

will place Tug-1 in the near vicinity of the Shuttle.

3.7.7 Phasing Orbit

Tug-2 injects into synchronous orbit when it arrives at apogee. Since the
plane-change angle was split during the ascent, a plane-change angle of
26.3 deg of relative inclination is removed in conjunction with establishing
the synchronous orbit. The velocity required for this maneuver is 2, 135
m/sec (7, 000 ft/sec).
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After one revolution in the phasing orbit, Tug-1 breaks to the Shuttle orbit.
The phasing orbit can be adjusted to permit any lead or lag angle desired
with respect to the Shuttle.

3.7.8 Rendezvous and Dock with Payload

This maneuver consists of minor phasing adjustments to complete the

rendezvous with the target satellite.

3.7.9 Descent Phasing Orbit

This operation is similar to the phasing required in Operation 4. Since a
particular node is required, the opportunity to return occurs twice a day,

Thus, a maximum of 12 hr may elapse before Tug-2 may return.

3.7.10 Transfer Orbit

Tug-2 now transfers to 185 x 35, 748-¥m (100 x 19, 323-nmi) orbit. A

26.3-deg plane change is made with this maneuver.

3.7.11 Phasing Orbit

Tug-2 now makes a maneuver similar to that of Tug-1 in Operation 6 to

phase with its Shuttle.

3.7.12 Rendezvous and Dock

Tug-2 finalizes its rendezvous with the Shuttle., The total timelines for
Tug-1 and Tug-2 are 4,2 and 4.3 days for retrieval of large payloads with

tandem Tug.

3.8 SUMMARY
T nber of Tug burns and velocities for single and tandem Tugs are
sL ized in Table 3-10 for the six misgions, The data indicate that
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Table 3-10, Summary of Mission Timelines

MISSION DESIGNATION

A B c ] 3 F
Synchronous Synchronous 18,172 x 20,474 n mi Synchronous Synchronous
MISSION ORBIT Equatorial Equatorial x P x0x30nmixul’|  REET Equatorfal
' loy and Retrieve
DeployTwo 140 1 |  Deploy8sc0iy | 0%
PAYLOAD WEIGHT Deploy 10, 000 Ib Retrieve 3500 Ib Satellites 190° Apart | Retrieval 12, 800 Ib Thsr:ﬂlllill::is b Retrieve 9524 Ib
TUG CONFIGURATION Single | Tandem | Single | Tandem Single Single Tandem Tandem
No. of Burns
TUG-1 _ 6 4 § 8 ] 5 5
TUG-2 _ - - b - - 1 6
Time on Orbit (Hr)
TUG-1 66 19.3 15 5,8 105 1675 1088 9.8
TuG-2 - 5 - 7 _ ——— 246 1033
Total Veloclty Rqmts lips} ‘
TUG-1 2,601 | 1,99 | 28,600 | 13,773 2,29 4,008 14, 968 15, 262
1UG-2 — 318 —_— 3,13 —_ —_— 3,18 16,097




the second Tug in the tandem arrangement results in the larger number of
burns and time in orbit, The large number of burns results from the
maneuvers for rendezvous with multiple payloads. The single Tug arrange-
ment has a lesser number of burns and shorter on-orbit times. It should

be recognized that the total velocity is based on the 1971-00S version

(Ref, 3.1) and should be viewed as comparative indicators between missions,
The number of burns required will be the same as for the corresponding

mission and trajectories with the MSFC Tug.

The Tug orbit timelines for the various missions were combined with the
expected payload timelines and are shown in Tables 3-11 and 3-12 for single
Tug and tandem Tug. In both cases only single payloads were considered.
The range of values is given since the values are dependent on the payload
checkout requirements and orbit phasing times. The lower value repre-
sents minimum values and the higher value represents maximum, The
times are payload times and do not include descent times for deployment

missions and ascent times for retrieval missions.

The maximum payload on-orbit times are surnmarized in Table 3-13 for
deployment and retrieval. Those missions, without phasing, represent
pavloads not requiring longitudinal placement or rendezvous. Maximum
retrieval times for single and tandem Tugs are the same because the return
flight plans are the same. These maximum times can be of significance
for those payloads that are deactivated for these time durations in the space
environment. The payload during the transportation phase may be basically
deactivated and only those items requiring appropriate environment and
safety be activated. Time required for payload checkout on-orbit should be

added to the timelines,
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Table 3-11. Tug/Payload Timeline - Single Tug and Single Payload to

Synchronous Equatorial Orbit

TIME (Hrs)
® DEPLOY PAYLOAD (ASCENT)
| Deploy from Shuttle and Checkout Tug/Payload 1to 3*
I Phasing in 100 N Mi Orbit for Node Alignment 1t013
[ Hohmann Transfer to Synchronous Equatorial O rbit 5
| Phasing to Mission Longitude (11, 3% Phasing with Nominal AV) Oto 24
! Checkout, Activate and Deploy Payload 11 to 14*
TOTAL: 18 to 59
® RETRIEVE PAYLOAD (DESCEND
I Dock, Checkout, Retract/Separate Appendages and Deactivate
Payload 1to 3*
| Phasing for Node Alignment Oto 12
| Hohmann Transfer to Shuttle Orbit 5
| Rendezwous with Shuttle 3to 5
| Checkout, Dock, Deactivate and Stow 1to 4
TOTAL: 10to 29

* Estimates
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Table 3-12. Tug/Payload Timeline - Tandem Tug and Single Payload to

Synchronous Equatorial Orbit

TIME (Hrs)
® DEPLOY PAYLOAD (ASCENT)
| Deploy from Shuttle, Rendezvous with Tug, and Check Out 2t0 28
| Phasing in 100 N Mi Orbit for Node Alignment 1t013
| First Tug Boost to Intermediate Transfer 4
| Second Tug Boost to Synchronous Orbit 5
| Phasing to Mission Longitude Oto24
|  Checkout, Activate, Deploy Payload 11 to 14*
TOTAL: 23 to 88
® RETRIEVE PAYLOAD (DESCENT)
| Dock, Checkout, Retract/Separate Appendages, and Deactivate
Payload 1to 3*
| Phasing for Node Alignment 0to 12
| Hohmann Transfer to Shuttle Orbit 5
| Rendezwous and Dock with Shuttle 3to 5
| Checkout, Dock, Deactivate and Stow 1to &
TOTAL: 10 to 29

* [Estimates
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Table 3-13. Payload Design Impact from Tug Timelines - Single
Payload to Synchronous Equatorial Orbit

SINGLE TUG TANDEM TUG
(HOURS) (HOURS)
MAXIMUM DEPLOYMENT TIME
WITH PHASING 59 88
~ WITHOUT PHAS ING 22 51
MAXIMUM RETRIEVAL TIME 29 29

ELECTRICAL POWER AND ROLLING OF PAYLOAD (THERMAL CONTROL)
MAY BE REQUIRED DURING ASCENT AND DESCENT TO MAINTAIN
CRITICAL COMPONENTS WITHIN TEMPERATURE LIMITS
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REFERENCE

Orbit-to-Qrbit {Chemical) Feasibility Study, SAMSO-TR -
71-221, McDonnell Douglas (October 1971).
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4, SHUTTLE SCORTIE

The design tradeoff study for sortie missions was conducted to provide
data necessary to perform the cost trades for sortie, mission require-
ments, and manned accessibility to experiments. These were performed
by configuring the mission equipment packages, developing equivalent

solar observation programs, and designing various conceptual spacecraft.

To generate data for cost analysis on scientific data output, it was
necessary to develop various traffic models using sortie, automated
satellites, and a free flyer capable of providing equivalent solar programs,
These equivalent programs were developed basically to compare solar
programs over the 1979-1990 time period. The free flyer is not a sortie,

but is included for comparison.

The mission requirement is assessed by conceptual designs of various
sensor sizes and instrument pointing capabilities, The manned accessi-
bility to instruments is a desirable feature as employed in the NASA
CV-990 airborne laboratory activities. The scientists accompanying
their experiment could perform on-flight repairs, adjustments, calibra-
tion, and experimentation aboard the aircraft. Design data to evaluate
the costs and a gross operational evaluation for their various approaches
are provided. The design data are in the form of conceptual layouts,

subsystem descriptions, and weight estimates.

The data describing the orbiter and its characteristics were supplied

in Ref, 4.1 through 4. 4.

A sortie mission is defined for purposes of the conceptual design study
as a short duration mission wherein the payload is retained with the
Shuttle and is returned to earth by the orbiter at the conclusion of the

mission,



4,1 SORTIE/SOLAR OBSERVATORY

For the sortie type mission, the large solar observatory was selected
as the Shuttle-attached payload. This payload is a representative sortie
mission since it is a candidate for an early astronomy experiment and
is currently being studied for NASA/MSFC by The Aerospace Corpora-
tion's Laboratory Operations. A variant, the austere (or smaller)
instrument group for solar observations, was also selected. In addition
to the accessibility of mission data, (see Ref. 4.1), the scientists asso-
ciated with the solar observatory criteria study were readily available

for consultation.

4.2 MISSION OBJECTIVE AND EQUIPMENT

The scientific objectives of a large solar observatory (LSQ) experiment
are to study the physics of the photosphere and lower chromosphere,

the upper chromosphere, and the corona. Six telescopes and associated
instruments were selected to cover the wavelength range from the near
infrared through X-rays. The solar observatory requirements for the
1.5-m (4. 6-ft) telescope and instruments are shown in Table 4-1.

This equipment list was reviewed for sortie applications by the Space
Physics Laboratory at The Aerospace Corporation. This review suggested
that the photoheliograph and the EUV spectrograph capability be extended
to about 1000 20\ With such an extended capability in sensor technology,
the ultraviolet telescope and spectroheliograph could be eliminated,

The resulting LSO telescope and instrument list is summarized in Table
4-2, The geometric envelope of the instrument unit is shown in Figure
4-~1. The data in Table 4-2 and Figure 4-1 were used in the design and
cost analysis for both the LSO sortie and free flyer.



€= ¥

Table 4-1, Telescope and Instrument Requirements for the LSO
Provisional
Aperture| Wavelength |Resolution Field Dimensions, m (ft)
Instrument . Remarks
m (ft) Range arc sec of View
Wt Ht ILn
Photoheliograph 1.5 0.2-2.0 pm 0.1 4 arcmin | 1.8 | 2.0 3.0 | Primary image
(4.6) (5.5)|(6.1) (9.2) | photograph,
spectroscopy
Spectrograph/ - 0.2-1.5 um 0.1 4 arc min | 0.5 | 1.0 4.0 | Spectra, magnetic
Spectroheliograph {(1.5)|(3.05)| (12.2) | and velocity fields
Ultraviolet 1.0 0.06-0.2 pm 0.1 4 arcmin | 1.3 | 1.5 3.0 | Primary image
Telescope (3.05) (4.0){(4.6) (9.2) | photograph,
spectroscopy
Ultraviolet -- 0.06-0.2 pm 0.1 4 arc min | 0.5 | 0.5 3.0 | Spectra,. line pro-
Spectroheliograph {(1.5)[{1.5) (9.2) | files, photoelectron
: scan
Coronagraph 0.9 0.4-0.7 pm 1.0 15 deg 0.7 | 0.9 3.4 | Corona, 1-6, 5-30
(2.7) (2.1)1(2.7) | (10.4) | solar radii
Extreme 0.6 100-600A 0.5 5arcmin | 0.5 [ 1.0 io Spectroheliograms,
Ultraviolet (1.8) (1.5) [(3.05)| (30.5)} | line profiles
Spectroheliograph
X-Ray 0.6 5-140A 1.0 5arcmin | 0.5 | 1.0 1] Spectroheliograms,
Spectroheliograph | (1.8) (1,5)[{3.05}} (30.5) | filtergrams,
Crystal 0.25 1-6 A 1.0 1 arc sec 0.5 ]2.0 8.0 | Spectra line
Spectroheliograph | (0.76) (rastered) [ {1.5) [(6.1) | (24.4) | profiles
High-Energy 0.5 0.3-1 MeV 1.0 full disk 6.5 [ 1.0 6.0 | Polarization
X-Ray Collimator | (1.5) (1.5)((3.05)| (18.3) | bursts




Table 4-2. Telescope and Instrument List for LSO

Weight | Power Pointing /Stability
Instruments kg {1b) (W) Data (arc sec)/arc sec/sec

Photoheliograph 2,494 215 Film Video (1)/0.02
(2000A - 20, 000A) (5, 500)

Spectrograph/ 499 125 Video (1)/0.02
Spectroheliograph (1, 100)

Coronagraph 408 30 Film Video (15)/0.5
(4000A - 7T000A) {900)

EUV Spectrgheliograph 454 125 Video (2.5)/0.2
(100A - 600A) (1, 000)

X-Ray Spectroheliograph 399 90 Video {1.0)/0.1
(5A-140A) Filter (880)

X-Ray Jpectroheliograph 385 30 Video (2.0)/0.1

(1A - 6A) Crystal (850)

=kStal.bility: Maximum Rate of Pointing
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PHOTOHELIOGRAPH - 2 x 2 x 3 {meters) - 2,268 kg (5,000 Ib)

CRYSTAL SPECTROHELIOGRAPH - 0.5 x 2 x 8 (meters) - 385 kg (850 Ib)

X-RAY SPECTROHELIOGRAPH - 0.5 x 1 x 10 (meters) - 397 kg (875 b
CORONAGRAPH - 0.5 x 1 x 3.4 (meters) - 408 ka (900 lb)
SPECTROGRAPH/SPECTROHELIOGRAPH - 0.5 x 1 x 4 (meters) - 998 kg (2,200 1b)
EUV SPECTROHELIOGRAPH - 0.5 x 1 x 10 (meters) 454 kg (1,000 Ib)

T I

mmoOo P>

Figure 4-1, LSO Experiment Envelope - Full Complement



In addition to the LSO experiment list, an austere solar observatory
(ASOQ) experiment set was also defined for this study. - This list was based
on the use of the 1-m (3. 05-ft) photoheliograph being developed for the
balloon-borne solar telescope. The 1-m (3, 05-1ft) unit could be supplied
as flight-qualified hardware and any change would b‘e limited to the focal
plane, i.e., magnetograph and spectroheliograph. The remainder of

the instruments were then sized to be consistent with the 1-m (3. 05-1t)
photoheliograph. This austere equipment list and characteristics are
shown in Table 4-3. The packaged diagrams of these instruments are

shown in Figures 4-2 and 4-3 for cylindrical and rectangular envelopes.

It should be recognized that the equipment data are preliminary and are
still in the definition phase. The scientific community prefers to keep

the definition open until the last milestone because of advancing technology
and continuing research. Accordingly, the definition of the mission

equipment is general and not in detail.

4.3 TRAFFIC MODEL

Sortie missions provide some characteristics that are not available

with automated satellite and free flying observatories. They are more
responsive to tailoring the flight to scientific needs and to updating

mission instruments and equipments. The value of scientific data diminishes
with mission duration because the equipment and instruments degrade

with time, hence the higher priority objectives are scheduled early in

the mission. Sortie missions can also be used to flight test sophisticated
sensors before committing them to a large observatory payload as

precursors to a large observatories program.

Evaluation of the various aspects of sorties requires their analysis in
terms of economics, This was accomplished by developing four solar

observatory programs which are judged to provide approximately equal



Table 4-3, Telescope and Instrument List for Austere Instrument Group - ASO

Size
Weight Power g -
Instruments kg (1b) Wt Ht Ln W Data Seizlgfkngelrsia/zlhti.t
m (ft) | m (ft) | m (£t) P orbl
Photoheliograph (1 m) 1,360 1.2 1.3 2.1 120 Film 10/1
(3,000)| (3.7) | (4.0} (6.4) Video
EUV Spectroheliograph 82 0.3 0.3 3.7 25 | 20 kbps 30%/5
(180) | (0.9} | (0.9) | (11.3)
X-Ray Spectroheliograph 100 0.4 0.4 3.7 25 | 20 kbps 30%/5
{Filter) (220) | (1.2) [ (1.2) | (11.3)
X-Ray Spectroheliograph 77 | 0.4 | 0.4 3.7 25 | 20 kbps 30%/5
(Crystal) (170) ) (1.2) | (£.2) | (11.3)

“Fine pointing control by experimenter.
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3.05m 2.4 m
(io ft) (REF}— — (8 1) dia "

ENVELOPE

(7 ft)

| A

1l

EUV SPECTROHELIOGRAPH 43 x 43 x 305 cm (17 x 17 x 120 in.)
X-RAY SPECTROHELIOGRAPH (FILTER) 43 x 43 x 305 cm (17 x 17 x 120 in.)
X-RAY SPECTROHELIOGRAPH (CRYSTAL) 43 x 43 x 305 cm (17 x 17 x 120 in.)
1 METER PHOTOHELIOGRAPH 122 x 135 x 213 cm (48 x 53 x 84 in.)

Figure 4-2., Austere Instrument Group, Orbiter/ASO
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e AmmE—— e — 1- 5
(10 ft) (REF) _-_(5 ft{n*f"'
| — %_-{ lftgn ——] (REF)
(REF)

EUV SPECTROHELIOGRAPH 43 x 43 x 305 ecm (17 x 17 x 120 in. )
X-RAY SPECTROHELIOGRAPH (FILTER} 43 x 43 x305cm (17 x 17 x 120 in.)
= X-RAY SPECTROHELIOGRAPH (CRYSTAL) 43 x43 x305cm (17 x 17 x 120 in.)
1 METER PHOTOHELIOGRAPH 122 x 135 x 213 cm (48 x 53 x 84 in,)

Figure 4-3. General Purpose Lab Austere Instrument Group - Orbiter/ASO



value in scientific data return and coverage. The programs formed
in this manner are shown in Table 4-4. The rationale for the programs

is as follows:

I. Sortie

The sortie is augmented by the automated satellite which

will provide the continuous coverage. The automated satellite is
of the Orbiting Solar Observatory (OSQ) class. The sortie
payload is the LSO and consists of the free flyer equipment.
During the 1l-year solar cycle, there are two scheduled

and one unscheduled sortie flights. The unscheduled sorties
are those solar experiments that are to be performed with

only 13-day notice. If the automated satellite were positioned
in superior conjunction orbit, it could detect data for monitor-
ing by sortie 1/2 sun rotation before it comes in earth view,
the sun rotation period being 26 days. Two flights are sched-
uled at maximum sun spot activity periods and one at minimum

activity period,

II, Sortie and Free Flyer

This program is included to accommodate the case where the
sortie flights are used as precursors to the free flyer. The
same 1.50O mission equipment is used for both payloads.
Sortie will be the test bed in the development of the sensors
and will also perform early experiments. Supplementing
the scheduled sortie missions, the unscheduled sortie flights
and automated satellites (OSQ) are included to provide the
continuous coverage. The free flyer is considered to be the
National Solar Observatory and is independent of the Shuttle
or space station during the orbital operations; it depends,
however, on the Shuttle for the yearly maintenance, repair,

and resupply visits.

4-10
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Table 4-4. Traffic Models for NASA Solar Observatory Program

Schedule, Year

No. | Program Approach Type Payload
79180 (81]|82 |83 (8485|8687 |88 |89 (90
I LSO Sortie Scheduled sortie 2121211 1 1 i 1 1 i i 2
Unscheduled sortie 1
Automated P/L (OSO)* 1 1 { 1 | 1
II LSO Sortie + Scheduled sortie 21 2|2
Free Flyer Unscheduled sortie
Free flyer 1
Manned visits i 1 1 i 1 | 1 2
Automated P/L (OSO) | 1
I11 Free flyer Free flyer 1
Manned visits 1 21211 i 1 1 1 i | 1 2
IV ASE Sortie + Scheduled sortie 21212111 i1 1 1
Free Flyer Unscheduled sortie 1
Free flyer 1
Manned visits i 1 1 2

Automated P/L (OS0O)

e

“orbiting solar observatory in operation since 1962




III. Free Flyer

This concept, esentially the program described above, is
included as the baseline concept. In this plan the free flyer
has an early start date and does not obtain any technology
development data from sortie missions. The schedule shows
that visits are increased during the high solar activity

periods,

Iv. ASQ Sortie and Free Flyer

The experiment packages for the sortie are austere in compari-
son to the free flyer. Basically there will be two equipment
development periods, since the sortie will use the ASO
instruments. The free flyer, however, will use LSO instru-
ments and the technology from the sortie, This concept

should result in maximizing the capability of the free flyer
observatory because of the sortie development flights. The

free flyer will gain from the sortie experience.
4.4 DESIGN

The design study of the sortie/solar observatory was conducted to concept-
ually examine various sortie approaches which were intended to include

the major factors influencing its design. These factors are manned vs
unmanned operations, low vs high pointing accuracy, small vs large
sensor aperture, LSO vs austere sets of mission equipments, and sortie
vs free flyer. The conceptual design effort was unde rtaken to provide
methods which would trade. off the postulated influencing factors. These

conditions resulted in the sortie approaches shown in Table 4-5.

4-12



Table 4-5. Sortie Configuration (A — H), Summary of
Mission Equipment Support Features

LSO
Mission Equipment Support
Features

ASO
Mission Equipment Support
Features

A - Unmanned Operations
Hardmate
CMG added to orbiter

E - Unmanned Operations

Gimbal/Torquers

B - Unmanned Operations

Gimbal/Torquers

F - Manned Operations
Gimbal/Torquers
Dedicated Lab

C - Unmanned Operations
Tethered

G - Manned Operations
Gimbal/Torquers
Share lab facility

D - Unmanned Operations

Free ﬂyer*

H - Manned Operations
Gimbal/Torquers
Attach to lab

* . . :
Free flyer is not considered a sortie,

4-13




Manned vs unmanned operations are examined in the austere set by
comparing configuration A vs B, C, or D. The scientists have a strong
preference for manned operations. The term ''manned" is used to denote
the capability of man to repair and adjust the instruments in orbit,
between mission chservation phases. During mission observation phases,
the instrument bay is vacated for depressurization to permit sensor
operation and contamination control. The term "'unmanned" implies

that the mission instruments are adjusted remotely. In both cases two
mission specialists are available to monitor the mission operation and

data.

The level of pointing accuracy is examined in the LSO set by improving
the pointing capability from A through D, The free flyer included in the
LSO, which is not considered a sortie, is included in this analysis only
for comparison. The free flyer should provide the highest pointing

accuracy because of its physical separation from the orbiter.

4.4.1 LSO Design Concepts

The LSO experiment complement as defined in Table 4-2 occupies an
envelope approximately 4.1 m {13.5 ft) in diameter and 10,4 m (34 {t)

long (see Figure 4-1) which was developed from the geometric data
provided in Table 4-1. This geometry permits identification of four
configurations that can integrate the full LSO experiment package into

the orbiter with varying degrees of pointing accuracy. These configura-
tions range from a hard-mounted deployable LSO system (configuration A)
to an autonomous free flyer {configuration D). These concepts, illustrated

in Figures 4-4 through 4-7, are controlled remotely (unmanned).

Configuration A, Figure 4-4, shows the experiment package mounted
on the orbiter-supplied deployment device and rotated 90 deg out of the
cargo bay. The LSO is rigidly attached to the Shuttle and the entire

combination is initially aimed at the sun by the Shuttle's attitude control

4-14
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Figure 4-5. Configuration B, LSO, Hard-Mate, Gimballed



LI-¥

MISSION
SPECIALI
STATION

/'LSO EXPERIMENT MODULE

/— SUPPORT ASSEMBLY

MANIPULATOR

(FREE FLOATING)

o)

v/

(60 ft)

18.3 m
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Figure 4-7. Free Flyer Mission, Large Solar Observatory - Configuration D,
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system. This concept postulates the addition of control moment gyros
(CMGs) to augment the orbiter and to control the LSO and orbiter as a
single unit for the experiment pointing capability. The final pointing

accuracy is maintained by the CMG in the orbiter payload bay.

Configuration B, Figure 4-5, is also deployed out of the cargo bay; but

in this concept standard orbiter attitude control is employed, torquers
and three axis gimbals being added to the LSO to provide experiment
pointing. The LSO is mounted on a three axis gimbal which provides

the fine pointing with the orbiter attitude control system merely maintain-

ing the Shuttle original position within + 0.5 deg.

Configuration C, Figure 4-6, makes use of the orbiter-furnished remote
manipulator to deploy and position the experiment assembly. When

this is accomplished the torquers on the gimbals in the manipulator arms
may be released and the LSO can maintain its position with its own

attitude control system and momentum wheels, or possibly the manipulator
gimbal torquers can be utilized by the LSO for attitude control. Power
and communication, however, are supplied from the orbiter (as in

configurations A and B) through a cable attached to the manipulator.

Configuration D, Figure 4-7, is a free flyer operating under radio control
in the vicinity of the orbiter. It is positioned and retrieved with the
orbiter remote manipulators as in the other configurations. The free
flyer and orbiter must station-keep during the orbital operation. The
free flyer contains its own subsystems support module; i.e., electrical
power, communication, environmental control subsystems, attitude

control, and reaction wheels,
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Study results summarizing the estimated pointing accuracy for configura-
tions A through D are listed in Table 4-6 and are discussed in section 4. 4.4,
It is clear that concepts A and B cannot satisfy the indicated pointing
requirements of Table 4-2. It is generally agreed that configurations C

and D can meet the postulated requirements if some form of image motion

compensation is included in the experiment instrumentation.

It should be recognized that the free flyer {configuration D) is not con-
sidered a sortie. It is apparent, however, that to achieve the pointing

requirements the mission equipment must approach free flyer condition.

4.4.3 Austere (ASO) Design Concepts

Four feasible installation configurations were identified for the ASO
mission equipments. Two versions of the ASO payload are installed in

the orbiter cargo bay, one with man access and the second without.

Two concepts involve the use of the postulated General Purpose Laboratory
(GPL) with man access capability. The ASO concepts are all gimballed/

torque controlled for pointing accuracy.

Geometric data describing the ASO instrument complement and experi-
ment group envelope are given in Figure 4-2. This envelope was used
for the ASO experiment group installed in the orbiter cargo bay. The
same experiments and instrument sizes were used in all installation
concepts studied; a slight change in experiment group envelope size and
shape, however, was used for the experiments installed in the GPL

in order to better suit the diameter of the assumed GPL -- 4, 3-m (14-ft)
outside diameter compared with a permissible 4.6 -m {15-ft) diameter
cargo bay payload envelope. The experiment envelope for the GPL

configuration is shown in Figure 4-3,
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Table 4-6.

Sortie Solar Observatory, Control Approaches

Configuration

Control Concept

Remarks

A - Hardmate

Deployed

Control moment gyros
in orbiter

CMG unit hard mounted to orbiter

LSO and orbiter attitude control as
single unit

5 arc sec pointing accuracy

10 arc sec/sec stability™®

E, Gimballed
G, (manipulator
to deploy only)

w
-

oW

Experiment package
gimballed

Standard orbiter attitude control

Gimbal support assembly locked with
respect to orbiter

Payload moves with respect to orbiter

Gimbal drives torque against orbiter

Z arc sec pointing accuracy

5 arc sec/sec stability™

C - Manipulator
Tethered

Reaction wheels in
experiment package

Standard orbiter attitude control

Manipulator actuators free to rotate

Reaction wheels mounted in LSO

No control reaction torque on orbiter -
only geometrical constraint torque

1.0 arc sec pointing y

3 arc sec/sec stability™

D - Free flyer

(not a sortie)

Reaction wheels in
observatory

Standard orbiter attitude control

Reaction wheels in LSO

No physical connection between LSO
and orbiter

0.1 arc sec pointing accuracy

l arc sec/sec stability™

&
without image motion compensation




Configuration E, Figure 4-8, illustrates the unmanned version of the
orbiter-supported ASQ payload. In this approach the instrument must

be adjusted remotely. (The installation concept is shown in some detail

in the larger-scale drawing of Figure 4-12.) The experiments are installed
within a 2.4 -m (8-ft) diameter shell structure sized in conformance with
the circular envelope of Figure 4-2. The instruments are attached to

each other and are supported within the instrument shell structure by
means of an appropriate internal truss. The inside diameter of the shell
structure supports a heat-pipe assembly (see section 4.4, 5) that is used

to provide a uniform temperature atmosphere and minimize the longitudinal
and lateral thermal gradients within the instrument group and instrument
support structure. A fluid coolant loop and radiator are provided to
maintain the operating temperature of the experiment group to ambient
room temperature. Three axis stabilization of the experiment package

is provided by azimuth, elevation, and roll gimbals provided on the experi-
ment support structure. Retractable launch locks are provided between
the payload and the standardized payload pallet that serves to secure the
payload and to transfer launch loads from the payload support structure

to the cargo bay hard points.

Configuration F, Figure 4-9, illustrates the ASO experiment grouping
used in a concept that can permit manned access to the payload for repair
or adjustment of the sensors., This feature would require the use of a
flexible tunnel between the orbiter mission specialist station and the
entrance of the experiment canister. In this concept the experiment
canister and flexible tunnel must be pressure tight. Sufficient atmosphere,
chargeable to the payload, is provided to allow a total of nine man-hours
of access to the experiments in three pressurizations. The instrument
canister is evacuated when experiments are in process. The experiment
is deployed out of the cargo bay to improve the performance of the experi-

ment radiator loop.
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Configurations G and H, Figures 4-10 and 4-11, illustrate two concepis
for installation of the ASO in association with the GPIL.. The concept

is shown in some detail in Figure 4-13. The basic features of the GPL
ASO concept are similar to those described above for the manned ASO
except that some form of rotating or sliding door must be provided to
permit pressurization of the ASC equipment compartment. A pressure
bulkhead is provided in the Figure 4-10 concept to isolate the ASO com-
partment from the remainder of the GPL. In this concept it is assumed
that there is sufficient volume within the GPL to accommodate the AS5O
compartment and the experiment equipment associated with a number

of other scientific disciplines, and that some subsystems (e.g., ECLS)
could be shared among the various on-board disciplines. The Figure 4-11
concept provides a separate and dedicated ASO module that would provide
its own subsystems support. The Figures 4-10 and 4-11 configurations
are shown deployed in phantom lines to indicate that some disciplines
may require deployment., If this were to be the case, the data-gathering
time available to a particular scientific experiment discipline might be

reduced and the total on-orbit time would have to be shared.

These pressurization modules are shown with AS0O experiments; they
can be replaced by other experiments, however, such as astronomy,
space physics, and earth observation. This would permit high usage

and cost sharing of the basic module.

4.4.4 Stabilization and Control

Stabilization and control were briefly examined to determine the various
approaches and to estimate their capabilities. As stated above, the
mission equipment and orbiter are not sufficiently defined to perform
detail analyses; weight and pointing accuracies, however, were esti~-
mated from the type of controls for the various concepts. (See Table

4-6.) Thrusters were not included because of the potential contamination
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problems. The optic performances are sensitive to contamination,
Lens covers would probably be required during those phases when the

Shuttle thrusters are in operaticn.

The orbiter stabilization capability assumed in this study was + 0.5 deg
continuous pointing accuracy for one orbit every other orbit (Ref. 4.1).
The mission equipment pointing requirement is 1 arc sec for the LSO
version and 10 arc sec for the ASO version (see Tables 4-2 and 4-3)'.
Stability augmentation is therefore required if the mission requirement
is to be met. The basic stability approaches are to augment the orbiter
pointing, or to separate the mission equipment and augment only the
equipment, Image motidn compensation (IMC) or other internal instru-
ment alignment compensation techniques were not considered in this

study, but may be incorporated into the payload as required.

For the orbiter stability augmentation the mission equipment can be
hardmated to the orbiter, a tactic which should simplify the design instal-
lation and operation. A CMG would provide the fine torquing, but would
be limited in its pointing capability because of internal disturbances
including crew motion, rotary machinery, and large extendables. If
these disturbances can be minimized, however, and if the sensors are
located on the experiment platform and the overall orbiter/payload is
stiff, it is expected that five to ten arc sec pointing is feasible. For

this study three double gimbal CMGs were selected with an angular
momentum of approximately 1, 383 m-kg (10, 000 ftdb)/sec. A

CMG of that size should provide roughly 0.1 deg/sec maneuvering rate
and weigh approximately 363 kg (800 1b) each (Ref. 4.3). The total

CMG package weight including structure, electronics, sensors, and cables
is estimated at 1, 587 kg (3,500 1b). This size CMG unit was considered
for the LSO and would be used for the ASO since the mass of the mission

equipmént is small in comparison to the orbiter.
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The second approach is to gfmbal the mission equipment to increase

the pointing accuracy. The equipment will have sun sensors which are
mounted on the experiment platform to drive the azimuth and elevation
gimbals, The roll axis about the line of sight must be controlled to main-
tain the orientation about the orbiter. In this case the star sensor,
instrument measurement unit {IMU), and computer in the Shuttle will

be used for the gimbal transformation necessary to drive the appropriate
gimbals for the positioning about the orbiter. Gyros will probably be
needed in the loop for low jitter requirements. In this concept the torquer
characteristics for the LSO and ASO sorties are shown in Table 4-7

for 0.01 rad/secz response characteristics., The ASO gimbal size is
substantially less than the LSO gimbal because of the smaller equip-
ment package and mass. The gimbal structure to provide rigidity in
transferring the torques to the orbiter was based on contractor studies
(Ref. 4.4).

The third stabilization approach is the tethered LSO free flyer concept.
.The tether is considered to be the mampulatorln a free mode, The
attitude control system will be ba,smallya free flying approach with the
manipulator to provide the dep'lo;r{i;heﬁt services and initial pointing.

The LSO is not physically freed because electrical power and communi-
cation functions are supplied by the orbiter via an umbilical played
alongside the manipulators. It can be expected that the tether will
introduce some disturbances, since completely free joints are not
physically possible. The attractive feature of the free floating manipu-
lator, besides providing the deployment mechanism and the link for sub-
system functions, is that it can be used as a mechanical station-keeping
device. In the event that either orbiter or payload control malfunction

or drift occurs, the manipulator can be locked to prevent collision.



Table 4-7. Stabilization Subsystem Characteristics
Sortie Mode
Characteristics
Units LSO ASO
Mission Equipment kg (Ib) 4,910 (10, 825) 1, 814 (4, 000)
Mass
Azimuth and Elevation kg-m (ft 1b) 124 (900) 5 (35)
Torquers
Roll Torquers kg-m (ft 1b) 28 (200) 5(35)
Average Power W 400 80
Total Weight kg (1b) 728 (1, 605) 93 (205)




The complete free flyer approach is introduced to provide a baseline for
comparison. Furthermore, the free flyer is the goal of the National
Solar Observatory and should be compared with it. The free flyer is

not considered a sortie even though the orbiter is station-keeping in close
proximity. A mechanical tie is required between the orbiter and the

Payload to permit sortie classification.

4,.4.5 Environmental Control and Life Support (ECLS)

Thermal and consumables analyses were briefly conducted to determine

the type and weight of the ECLS. This analysis included the following

assumptions:

(1) 555-km {300-nmi} sun-synchronous twilight
" orbit

(2) Solar observatory pointed towards the sun
when operating

{(3) Ambient (room) temperature for nominal
operating conditions

(4) Sensor thermal loads considered black
box loads

(5) Manned occupancy for instrument adjustments
and repairs; three visits per sortie mission for
three man-hours each, but limited to two hours
total elapsed time per access

(6) Thermal gradient to be limited to + 2.8°C (+ SOF)
transversely and + 1.4°C (%2, 59F) axially



(7) Thermal loads as follows:

ASO 1 m LSO 1.5 m
Thermal Load

) ? (3.05 ft) | (4.8 ft)
Primary Solar Load 200w 500 W
Secondary Sqla.r Load 700 W 3100 W
and Electronics
Thermal Leakage 30w 100 W
Pump 70 W 300 W
Total Energy 1000 W 4000 W

4,4,5,1 Mission Equipment Thermal Control

To meet the requirements it was determined that an active cooling loop
is required to maintain the temperature gradient and to transfer the solar
load from the optics, and that heat pipes and thermal insulation are
required for the structure supporting the secondary optics. Thermal
studies were performed by Itek Corporation (Ref. 4.2) which resulted in

similar findings.

The cooling system provides the necessary heat transport medium for
the optics to take thermal leads from the sensor thermal interface to
the radiator. The coolant is an 80/20 methanol, which is the same fluid
as that used in the Apollo Telescope Mount (ATM]} cooling system. The
minimum required flow rate is 268 kg/hr (590 lb/hr} heat exchanger;
the system can operate, however, at an ATM pump nominal flow rate of
approximately 408 kg/hr (900 lb/hr).



A diagram of the coolant loop is shown in Figure 4-14 for undeployed and
deployed equipment. The basic components in the coolant loop are the
sensor interface cold plate, fluid accumulator, pump, radiator, radiator
bypass line, and heater. There are three cold plates. The first cold
plate is for the 200-W solar load; the second for the 20 to 30-W heat pipe
load, which intercepts heat leakage through the insulation; and the third
for the 700-W solar and mission equipment power load. Fluid temperature
into the first cold plate is controlled at 28° C 10, 8° C (820 F+1. 59 F)
for the undeployed mode. The + 0, 8% C (1. 5 F) tolerance on the coolant
inlet temperature is consistent with prior coolant system studies that
were similar to this approach. The rather high temperature is dictated
by the poor radiator view to space factor and to the sides of the cargo

bay. The radiator that is mounted on the side of the LSO has a view factor
of unity with the side walls of the cargo bay (see Figure 4-15). The

cargo bay was agsiimed to be painted with an a/e = 0. 25 paint which
results in a bay temperature of 7°cC (450 F).

The resulting radiator area _required is approximately 15.8 m2 (170 ftz}
with fluid temperature at 28° C (82° F) for the ASQO undeployed case.

For the deployed mode (view factor to space =0, 5), the radiator area

can be reduced to approximately 4. 6 m2 (50 ftz) and the fluid temperature
into the first cold plate can be held to 21° C +0.8° C (70° 1 1. 5° F).

Total fluid temperature rise, based on a flow rate of 408 kg/hr {900 1b/hr)
and 925 W will be approximately 2.8° C (5.2° F)..

Cooling system weight for the ASO unmanned deployed and undeployed
cases are 38.5 and 136.1 kg (85 and 300 1b), respectively. The cooling
system weight does not include meteoroid protection weight. For the
manned modes, an additional 6.8 kg (15 1b) is added to account for a
heat exchanger to remove human heat loads. The power necessary to
operate this system is 65 W of continuous power for the pump and up

to 200 W of intermittent power for the heaters.
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The rmal contreol of the structure is accomplished by placing a thermal
shell around the truss structure and controlling the temperature of the

shell. The truss structure and thermal shell are thermally coupled.

Uniform temperature of the shell is obtained with a heat pipe matrix

tied to the inner walls of the thermal shell, The heat pipe consists of
1.3-cm (0.5-in.) standard aluminum tubing and NH3 as the working

fluid, The heat pipe assembly to cover the entire surface area of the ASO
is estimated to weigh approximately 47.6 kg {105 1b}, of which approxi-

mately 3, 2 kg (7 1b) is NH,.

Approximately 2.5 cm (1 in.) of multilayer insulation is placed on the
outside of the thermal shell to reduce the solar load, an insulation such

as NRC-2 or Superfloc being acceptable. It is assumed that the thermal
shell proper is part of the ASQO structure.

The thermal weight and power for the ASQ is summarized in Table 4-8.
The weights depict the thermal inefficiency of the undeployed approach,
These austere values were used for the LSO sortie by factoring the

weights according to the power increase and telescope aperture.

4.4.5.2 ECLS for ASQO Manned Access

To provide the manned access required to repair or adjust the instrument,
crew provisions must be included for shirtsleeve IVA operation. A module
to enclose the mission equipment and crew for short durations was
designed for pressurization whenever the need may exist during the sortie
mission. It was assumed that 12,7 m3 (450 ft3) of free volume is required,
and that sufficient atmosphere for three complete pressurization cycles
should be provided for this operation. For only three pressure cycles

the simplest and lowest cost approach would be to dump the atmosphere

overboard.
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Table 4-8, ECLS Weight and Power Summary for ASO (Sortie Mode)

Item Undeployed Deploved
Unmanned Manned Unmanned Manned
Mode kg (1b) kg {1b) kg (1b) kg (1b)
Cooling System 136 (300) 143 (315) 39 {85) 45 (100)
Heat Pipe Assembly 48 (105) 48 (105) 48 (105) 48 (105)
Expendable 36 (80) 36 (80) 16 (35) 16 (35)
Insulation 61 (135) 61 (135) 61 (135) 61 {135)
Thermal Control Weight 281 (620) 288 (635) 163 (360) 170  (375)
Atmosphere {(gas) - 52 (115) - 52 (115)
(tanks) - 184 {405) - 184 (405)
Life Support Plumbing - 14 {30) - 14 {(30)
Total ECLS Weight 281 (620) 538 (1, 185) 163 (360) 420 (925)
Continuous Power, W €5 65 65 65
Intermittent Power, W 200 200 200 200
Maximum Power, W 265 265 265 265




The atmospheric weight for three cycles is 52,5 kg (115 1b) and the

tankage weight is 183.7 kg (405 1b)., The ECLS hardware items are assumed
to be provided by the orbiter, and the items cited are only the additional
expendable weights. No environmental control subsystem is assumed

within the LSO because of the relatively short stay time of 2 hrs, plus

an open access tunnel,

Life support plumbing referred to in Table 4-8 is the plumbing required
to transfer the atmospheric air from the orbiter to the ASO. Additionally,
this includes a circulation fan between the orbiter and the ASO, The

stay time within the ASO is sufficiently short so that no dedicated humidity

control or atmospheric control system is required.

4.4.5.3 Impact of Increasing Orbiter Crew Size to Six Men

The nominal crew size on the orbiter is four men including the pilot,
copilot, systems monitor, and payload specialist, Orbiter design provides
the capability to accommodate two additional specialists with no system
hardware penalty. The consumables associated with the two additional
specialists, however, are charged against the payload. The ECLS
consumables associated with the two additional specialists are oxygen,
food, water, crew provisions, and power. The consumable weights for

the two additional specialists for seven days are shown in Table 4-9,

The oxygen requirement is on the order of 0. 9 kg (2. 0 1b) per man-day.
To account for losses and contingencies, however, 1.0 kg (2.2 1b) per
man-day was used. It is assumed that the oxygen is an expendable item
and not recoverable. CO2 is removed with a regenerable system and

does not result in any consumable weight penalty.

4-40



Table 4-9. Incremental Consumable Weight Summary for Two
Additional Specialists (Seven Days)

Weight
Item

kg ib

Oxygen 14 31
Food 11 24
Water 53 116
Crew Provisions 18 40
Fuel Cell Reactants _ 34 _76
TOTAL 130 287

4-41




Food weight is based on freeze-dried food. The freeze-dried food require-
ment is about 0.68 kg (1.5 1lb) per man-day. If ordinary food is used,

food weight will go up by about 1.6 kg (3.5 1b) per man-day and the water
weight will go down by the same amount. The weights in Table 4-9

reflect a 10-percent contingency.

Water requirements can be met by either storing expendable water or
using fuel cell by-product water. The orbiter crew will probably use
stored water; and Table 4-9 shows a 3.4 kg (7.5 1b) per man-day plus

10-percent contingency water weight, based on a freeze-dried diet.

Crew provisions include crew personal effects such as clothing. A

weight of 9.1 kg (20 1lb} is allocated for each specialist,

It is assumed that each additional person will impose a 250-W require-
ment on the power system. The fuel cell reactant weight reflecting this
is based on a HZ/D2 fuel cell requiring 0.4 kg (0. 9 1b} per kW -hr,

4.4.6 Communication

Payload communications for sortie missions have been examined using
the orbiter to ground communication, Intelsat IV, and NASA Tracking
and Data Relay Satellite (TDRS). Basically two alternative communica -
tion approaches exist in low altitude orbit., The first and the most
economical alternative is the direct ground link approach, which utilizes
the orbiter communication capability available to the payload, The

second alternative involves continuous transmission via satellite.

4.4.6.1 Orbiter Communication (Ground)

The orbiter communications system includes a capability of providing a
down link of 256, 000 bps digital data, TV, and voice (Ref. 1.2). With

this capability one scene requiring 10 bits can be transmitted in
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40 seconds after signal acquisition and lock=-on, If the nominal data
pass over a ground station is of 4 to 10 minutes duration, about 6 to 15

scenes can be transmitted. (See Tables 4-10 and Figure 4-16.)

In addition to this amount of scene transmission per orbit the scientist
requests that data be transmitted on each orbit, An investigation con-
cerning the number of orbits required to contact the ground stations in

a network has been conducted previously in the space escape study

(Ref. 4.5). There are several networks that can be used, such as
AF/SCF, NASA/MSFN, " and COMSATS. For interface compatibility and
security reasons, however, the investigation presented is limited to the
NASA network. For this network, the ground stations listed in Table 4-10
were assumed to be available NASA ground stations. Using this network
and signal acquisition from 0 deg elevation, the coverage circles for each
station are shown in Figure 4-16. With a transponder and prior knowledge
of the orbit, communication at this low elevation is assumed to be possible
for MSFN. The coverage circles shown are for one- and four-minute com-
munication duration. If the orbiter ground trace just touches the inner circle,
four minutes of contact with the station will be obtained. If the trace cuts

across the circle, contact will be longer.

The number of orbits required to contact the ground stations for various
orbital conditions were computed from the orbital ground trace data.

(See Table 4-11.) The results indicate that the MSFN with its large number
of ground stations can provide communication contact on each orbit for

low and high inclination orbits at 463 km (250 nmi) or higher altitude.

It does not appear feasible, however, to have contact on each orbit for
those missions in the 463 km (250 nmi) x 55 deg inclination range (space
station orbit). It should also be recognized that the sample ground network
may not be representative during the Shuttle era. If the number of stations

located at certain longitudes and latitudes are eliminated, then the above

“This network is currently designated as STDN (Spaceflight Tracking and
Data Network),
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Table 4-10. NASA - Manned Space Flight Net (MSEFN)

Deep Space Instrumentation Facilities (DSLF)

Station Latitude (deg) Longitude (deg)
MAD Madrid, Spain 40.45 355,83
CNB Canberra, Australia -35.58 148.98
GDS Goldstone, California 35.35 243,13

Near Space Instrumentation Facilities (NSIF)

Station Latitude (deg) Longitude (deg)
EGL Eglin AFB, Florida 30.42 273.20
CKY Cape Kennedy 28,50 279.47
GBI Grand Bahama Island, Br. 26.62 281,65
ANT Antigua, Br, 17.02 298,25
ACN Ascension, Br, -7.95 345,67
BDA Bermuda, Br. 32.35 295,35
CYI Canary Island, Sp. 27.73 344,40
CRO Carnarvon, Australia -24.90 113,72
GWM Guam 13.30 144,73
HAW Hawaii 22.09 200,33
GYM Guaymas, Mexico 27.97 249,28
TEX Texas 27.65 262,62
PRE Pretoria, So. Africa -25,95 28.37
CAL Pt. Arguello, California 34,58 239.42
WHS White Sands, New Mexico 32.35 253.63
GTK Grand Turk Island 21,47 288, 87
SS1 San Salvador 24.12 285.48
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Table 4-11, Number of Orbits for Assured Contact
Using MSFN
Altitude, km (nmi)
Inclination 185 463 740
(100) {250) (400)
30 deg 2 | i
60 deg 3 2 1
90 deg 2 1 1




observation is not applicable. If stations are located in areas of overlapping
coverage, then the above observations are applicable. Furthermore, mili-
tary and Comsat stations may be adapted for ground coverage to augment any

decrease in MSFN ground stations.

4.4.6.2 Continuous Comimunications {Satellite)

RF link power budget calculations for the Intelsat IV and the TDRS are pre-
gsented in Table 4-12 to accommodate the 107 bps data rate (Ref. 4.1}, The
gain/temperature (G/T) for the Intelsat IV was obtained from Ref. 5.3.

G/T and the radio frequency for the TDRS are based on interpretations of
Ref, 4.6. The ratio of antenna gain to the absolute temperature of the elec-
tronics is a figure of merit of receiving sensitivity. The signal-to-noise
ratio (S/N) of 12 dB and the margin of 6 dB were selected on the basis of

good engineering practice.

The transmitter power required for communication is influenced by the gain
of the antenna used. The power required for communication via the Intel-
sat IV and the TDRS is called out in Table 4-13 for four sizes of orbiter
antennas. The data presented are based on 2 dB losses in the transmitting
system, so each antenna/transmitter is 2 dB higher than the effective radi-
ated orbiter power shown in Table 4-12, The antenna beamwidths are also
included in the tables. The antenna must be pointed at the satellite with an

accuracy of one half the beamwidth in order to maintain the link performance,

Estimates of weight and primary power have been made for several of

the transmitters to afford insight into the impact on the orbiter of providing
the communication capability. It is estimated that in the Shuttle era

a 64-W transmitter at 15 GHz will weigh 9.1 kg (20 1b) and require 320 W

of primary power; a 10-W transmitter at 15 GHz will weigh 2. 3 kg {5 1b)
and require 50 W; and a 4 kW transmitter at 6 GHz will weigh approximately
91 kg (200 1b), not including a liquid cooling system that would be required,

and require 12 kW of primary power. .
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Table 4-12.

Power Budget Calculations

Units Intelsat IV TDRS
Effective Radiated Power dBW 80 59
Polarization Loss {circular dB 0 0
to circular)
Space Loss 42,450 km
(23, 000 nmi)
F =6 GHz dB -201
F =15 GHz dB -209
Received Power dBW -121 -150
Receive Sensitivity *
(Bandwidth = 2 x 107 cps;
S/N =12 dB)
G/T = -17 dB/°K dBW -127
G/T =+12 dB/°K dBW -156
MARGIN dB 6 6

e

Receive Sensitivity is determined as follows:

Rg = "é{'/'@"r" (%)

or in terms of dB

R.,=K+B -G/T +S/N

S
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Table 4-13,

Antenna/ Transmitter Combinations

Antenna

Intelsat IV (6 GHz)

TDRS (15 GHz)

Antenna

Trans

Trans

Antenna

Trans

Trans

Diameter Gain Power Power Bea(.;nwi)dth Gain Power Power Beatznw.';dth
m (ft) (dB) (dBW) (W) €€ (dB) (dBW) (W) €g
0.6 29 53 200,000 6 37 24 252 2.3
(2)

1.2 35 47 50,000 3 43 18 b4 1.2
(4)

3.05 43 39 8,000 1.1 51 10 10 0.5
(10)

4.6 46 36 4,000 0.8 54 7 5 0.3
{15)

Note: this table is based on 2 dB losses in the transmitting system,




The Intelsat IV receives via a global antenna of 17-deg beamwidth, which

is pointed earthward. The 17-deg beamwidth is adequate for earth coverage;
however, the angle subtended by a 500-km (270-nmi) orbit from synchronous
altitude is about 19 deg. Continuous transmission probably requires the

use of three Intelsat IV satellites.

It is apparent from Table 4-13 that there is significantly less impact on the
orbiter for communication via the TDRS than for communication via Intel-

sat IV, The decreased impact on the orbiter of communicating via the TDRS
is the result of the improved G/T, which is 29 dB superior to that of the
Intelsat IV, The means that will be employed to obtain the TDRS G/T are

not known at this time; it is likely, however, that a large part of the improve-
ment over the Intelsat IV will be obtained through the use of a higher gain
antenna, If all of the improvements were to be obtained through antenna gain,
the TDRS beamwidth would be 0.6 deg and the antenna about 2.4 m (8 ft) in
diameter, It is apparent that the TDRS antenna would have to be driven so

that it points continually at the orbiter.

The information indicates that the TDRS type satellite will be required for
continuous communications. The current Intelsat concept is designed for
large and powerful ground stations, which is not consistent with orbiter
transmission capability. Furthermore, the current Intelsat IV allocates
frequencies to each user, which implies that the orbiter must schedule down-
link frequencies to earth stations being overflown. The TDRS will have simi-
lar operational problems, such as scheduling the frequencies and pointing
with other user programs. Both methods must switch either from earth
station to earth station or from TDRS satellite to TDRS satellite. Thus, the
area of continuous communication is not clear at this time. Further analysis
will be required as data on relay satellites become better defined for the
Shuttle era.

4-50



t

4.4.,7 Weight Estimates

Weight estimates were based on available data sources and subsystem
analyses performed in this study. Basically, the conceptual design
provided the envelope dimensions and the hardwares envolved. Estimates
of the structural weight used, the structural unit weights obtained from
Ref, 4.4, and the structural size and components were obtained from

the conceptual layout. The reference unit weights were examined and

found to be representative of other study results using similar structures.
The resultant structural equations are:

Unpressurized structure weight = 0.98 g/'::rn2 {2.0 lb/ftz) % (wetted area)
Pressurized structure weight = 1. 51 g/c:m2 (3.1 lb/ftz) x {wetted area)
Equipment supports = 0. 247 x (equipment weight)

Meteoroid protection = 0. 88 g/cm2 (1.8 lb/ftz) x (wetted area)

The wetted area was determined from the conceptual layouts.

The stabilization and control weights were based on data in section 4.4. 4
and Table 4-7 concerning CMGs, torquers, and electronics. The gimbal
structure weights, which amounted to approximately 50 percent of the
gimballed weight, were derived from Ref. 4.4, For the tethered and
free flyer configuration, the control weights were based on data supplied
in Volume II of this report. The propellant quantities for configurations

C and D were oversized for the seven-day missions,

The environmental control weights were developed in section 4.4. 5 and
summarized in Table 4;8 for the ASO mission equipment case. For the
LSO case these weights were factored in accordance with electrical
power, solar energy, and size. The cooling weight for the ASO concept
assumed the use of the orbiter radiator. This assumption reduced the
cooling weight from 136 kg (300 1b) to 15. 9 kg (35 1b), which is the estimate
for hock-up only.



The telemetry, tracking, and command weights for the free flyer,
configuration D, are based upon the data supplied in Volume II of this
report. The weights shown for the other designs represent estimates

for recording devices and feedback instrumentation only.

The electrical weights are for power distribution leads except that
configuration D, a free flyer, carries its own oriented solar array which
provides 1 kW of power. In all other cases it is assumed that the orbiter
can supply the electrical load. Normally the orbiter produces 3 kW average
with a 6 kW peak electrical power, which should be sufficient for the
intermittent peak loads for the LSO.

The mission equipment weights were obtained from Tables 4-2 and 4-3.
The overall weight summary is shown in Tables 4-14 and 4-15 for the
LSO and ASO configurations., A contingency allowance of 10 percent

of the spacecrait weight is included to account for normal weight growth.

The pallet, displays, CMGs, and payload support are those items that

are in addition to the equipment supplied by the orbiter, such as manipulators,
and standard control and checkout equipment. The pallet weight accounts

for only that portion required to support the module during ascent and

descent phases. The display is for the unique monitoring equipments.

The CMG unit is to augment the orbit stabilization and control subsystem,

The payload support item is for the tilt table used in deploying the payload.

4.5 OPERATIONS

This section presents the comments supplied by the scientist on the solar
observation operations, operations comments on the various designs
postulated in this study, and a typical crew timeline. Analysis of the
overall payload and Shuttle operations is presented in Section 2 of this

volume,
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Table 4-14. Large Solar Observatory - LSO Mission
Equipment Weights

(A) (B) (C) (D)

Subsystem Hardmate Gimballed Tethered Free Flyer

kg (1b) kg (1b) kg (1b) kg {1b)
Structure 2, 651 (5, 845) 6,213 |(13,697) 2,728 {6, 015) 2,R882 (6, 353)
Basic 1,438 (3,170) 1,438 (3,170) 1, 815 (3, 340) 1, 668 {3,678)
Equipment Supports 1,213 (2, 675) 1,213 (2, 675) 1,213 (2, 675) 1,213 (2, 675)

Gimbal Structure -- 3,562 (7,852) -- --
Environmental Control 564 (1, 244) 564 {1, 244) 584 {1, 288) 624 {1, 376)
Cooling 160 (352) 160 (352) 160 {352) 160 (352)
Heat Pipe 160 (353) 160 (353) 168 (371) 185 (408)
Expendables 39 (86) 39 (86) 39 {87) 41 {90)
Insulation 206 (453) 206 (453) 217 (478) 239 (526)
Guidance and Navigation -- -- 816 {(1,800) 816 {1, 800)

Gimbal Electronicse -- 728 (1, 605) -- -
Attitude Control -- -- 113 (250) 227 {500)
Propellant -- -- 79 {175) 159 {350)
Inerts - -- 34 {75) 68 {150)
Telem and Communications 23 (50} 45 (100) 68 (150) 172 (380)
Electrical Power 154 (340) 154 (340) 154 (340) 730 (1,610)
Distribution 154 (340) 154 {340) 154 (340) 186 {(410)
Solar Arrays -- -- - 544 (1,200)
Contingency (10%) 339 (748) 766 (1, 689) 446 {984) 545 (1,202)
Mission Equipment 4,910 ([{10,825) 4,910 (10, 825) 4,910 |(10,825) 4,910 |(10, 825)
Payload Weight 8,642 [(19,052) | 13,381 [(29,500) 9,821 |(21,652) | 10,907 |(24, 046)
Pallet 1,212 (2,672) 1,212 (2, 672) 1,284 (2,830) 1,416 | (3,122)
Displays 318 (700) 318 (700) 318 (700) 318 {(700)

Control Moment Gyros 1,588 (3, 500) -- -- --

Payload Support 113 (250) 113 (250}

Total Weight 11,872 |(26, 174} 15, 024 |(33, 122) 11,422 ({25, 182) 12, 641 (27,868I)
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Table 4-15,

Equipment Weights

Austere Solar Observatory - ASO Mission

(E) (F) (G) {H)
Unmanned Manned Manned Manned
Subsystem Non-Deployed Deployed In GPL Add On to GPL
kg (lb) kg (1b) kg {1b}) kg {1b)
Structure 1,864 (4, 110) | 3,431 (7,565) | 2,041 {4,500} | 3,826 (8,435)
Canister 274 (605) 665 (1,465) 261 (575) 261 (573)
Equipment Supports 399 | . (880) 399 (B8O) 399 (B80Q) 399 (880)
Tunnel 213 (470)
Door Modification 91 (200) } 1,381 {500) 227 {500)
Pressure Shell 1,091 {2,405}
Gimbal Structure 1,191 (2,625) {1,762 | (3,885) 11,154 | (2,545) | 1,154 {2, 545)
Meteorite Protection 302 (665) 694 (1,530)
Environmental Control 161 (355) 420 (925) 984 | (2,170} | 1,100 (2,425)
Cooeling 16 (35) 45 {100) 45 {100) 45 (100)
Heat Pipe 48 (105) 48 (105) 48 (105) 48 (105)
Expendables 36 (80) 16 {35) 16 (39) 16 (35)
Insulation 61 (135} 61 {135) (ih structure)
Atmos. Expended 52 (115) 191 (420) 216 (475}
Atmos, Plumbing 14 {30) 14 {30) 14 (30)
Atmos, Tanks 184 (405) 671 (1, 480) 762 (1,680)
Guidance and Navigation
Gimbal Electronics 93 (205} 93 (205) 93 (208) a3 (205)
Attitude Control
Telem and Communications 27 (60) 27 (60} 27 (60} 27 (60}
Electrical Distribution 181 (400) g1 (200) 91 (200) 91 (200}
Contingency (10%) 228 (503) 406 (895} 324 (713) 513 (1,130)
Mission Equipment (Austere)| 1,619 {3,570} | 1,619 (3,570} [ §,619 (3,570) | 1,619 (3,570
PAYLOAD WEIGHT 4,174 (9,203} | 6,087 [(13,420) | 5,180 |(11,420) |7,269 (16,025)
Remote Controls 91 (200)
Pallet 356 (785) 356 {785} 463 (1,020
Displays 227 (500) 227 (500) 227 (500) 227 (500)
Payload Support 113 (250} 113 (250) 113 (250)
Total Weight 4,848 [|{10,688) | 6,783 [(14,955) | 5,520 |(12,170) {8,072 {17,795)




4,5,1 Comments by Solar Scientific Community

The solar scientific community, in general, has no desire to follow
the normal engineering practices of rigid schedules and early definitions
of mission objectives and mission equipment. Some specific comments

are:

(1) Mission equipment management should be separated
from payload program management. (Scientists
would like to release their equipment when they
are ready.)

(2) Launch schedules are generally not critical,
(Scientists are willing to wait several weeks.)

(3) Integration of mission equipment should be flexible.
(Sensor development progress is uncertain; scientists
would like to be able to change equipment as better
units or a higher priority experiment develops.)

{4} Access to mission sensor near launch time is

desirable, (Current large space experiment program
access is three months from launch,)

(5) Mission specialists should be limited to two tech-

nicians, (Scientists will be on the ground as observers
to provide instructions via a communications link
for five to ten minutes on each orbit,)

i (6) On-orbit calibration is desirable, (Certain sensors
such as X-ray and UV require adjustments.)

{7) Manned access to mission equipment is desired
to repair, readjust, or recalibrate instruments
during orbiter operations.

These comments generally can be accommeodated by the sortie, providing
certain design and operational requirements are implemented. The sortie

payload module or pallet should be designed like a general-purpose



sortie with access on orbit by technicians. The mission equipments
should be selected and installed as they become available for launch.

It appears that it is more desirable for the mission equipment to wait

for a launch than for the sortie to wait for the mission equipment. The
general-purpose sortie should be capable of interfacing with astronomy,
space physics, earth observation, or communication type disciplines with
minor modifications. The current maximum crew size of two crewmen
and two specialists appears consistent with scientists' needs for two
techniciang. It appears, however, that payload access close to launch

should be provided in the Shuttle countdown sequence.

4,5.2 Crew Timeline

The orbiter operational procedure according to the Program Require -
ments Document, Level 1 (Ref, 1.1) states that the ""orbiter reaction
control system shall be capable of pointing an attached, exposed payload
continuously for one orbit every other orbit for one 24-hour period per
mission at any ground, celestial, or orbital object within + 0.5 degree, "
This restriction could imply a total of eight complete orbits, or a total

of 12 hours of solar sightings,per mission. This would limit the sorties
to a total of 12 hours of experimentation over seven days. The free flyer
approach described in this section would not have such a restriction since

the orbiter does not need to hold its pointing.

If this restriction on attached payloads can be modified "to only every
other orbit and expendables to continue this cycle to greater than 24 hours
shall be provided by the payload, " the experimentation time will be
substantially increased. On the basis of such a case, a crew timeline
was developed to examine the type of timelines for four and six total crew
sizes. (See Figures 4-17 and 4-18.) A typical schedule that would be
required to monitor the large solar observatory on every other cycie

sighting capability over five days is illustrated.
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In both cases the pilot and co-pilot were assumed to provide the house-
keeping functions during orbital operations. The mission specialists
would consist of two experimenters in the four crew size case. They
would operate on basically a 14-hour cycle, which includes two hours
for crew overlap time. Most of their on~duty time would be directed to
data examination for ground transmittal. This approach assumes that
the sclar sensors can generally operate in the automatic mode. The

manual mode is for calibration, redirect sightings, and observations.

The six-man crew setup consists of a pilot and a co-pilot for housekeeping
functions, two system monitors, and two payload specialists. The system
monitors are system engineers/technicians and the payload specialists
are scientists/laboratory assistant types. One man from each specialty
would form the team, which would operate on a 14-hour schedule for

five days. The schedule would be tight and extensive crew training would
be required if this cycle were to be followed, Crew training is costly

and time-consuming on the part of the scientist; hence crew/machine inter-
face should be examined in more detail. The feasibility of such schedules
should be examined by the scientists and payload engineers. The

schedule also suggests that there is little time for the experiment to

be manned for calibration, maintenance, and adjustment. The manned
access would, however, be beneficial in the case where there is only

12 hours of experimentation time available. Manned access would

maximize the effectiveness of the 12 hours available for experimentation.

4.5.3 Opecrations

The LSO and ASQ configurations were briefly examined from an overall
operations aspect. The orbiter/payload interface, ground test, on-orbit

checkout, and orbital operations areas were grossly evaluated to rank



the concepts operationally. The critical feature in the orbiter/payload
interface area is the expected mechanical and electrical tie-in between

the orbiter and the payload. The ground tests encompass the payload
tests, installation and calibration, and subsystem test. The on-orbit
checkout includes deployment and checkout. Orbital operation ig the actual
mission operations phase, The backup operations include the capability

to correct unplanned situations that can occur during an operation. In
each category, elements were ranked as simple (+), intermediate (0),

and complex (-1). These rankings are summarized in Table 4-16 for

all of the configurations.

For the LSO sortie cases, the hardmate (configuration A) is ranked as

the simplest operational approach. The mechanical interface and umbili-
cals connections should provide direct attachment. The payload package
should be deployable in the ground simulator tests, thus permitting complete
system test on the ground. The on-orbit checkout should duplicate the
ground checkout, and the operations phase should also duplicate ground
tests. The tether {configuration C) does not provide for standard test
procedures. The orbiter to payload umbilical will be played alongside

the manipulator in the stored and deployed arrangement. The manipulator
will not be able to deploy the ASQO in the ground simulated tests to completely
duplicate operational tests on the ground. The gimbal (configuration B}

and free flyer (configuration D) are intermediate cases in the overall

operations ranking.

For ASQ sortie cases, the unmanned gimbal (configuration E) approach
appears to have the highest ranking because of its simplicity, being
unmanned and non-deployable. The capability for having manned access
increases the complexity in the interface hook-up and ground test procedures,
but it improves the backup operation by the shirtsleeve IVA capability.

The unmanned versions require a manipulator or EVA to address anomalies

or failures, It is expected that sharing the GPL will involve the scheduling
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Table 4-16.

Operational Ranking

Orhiter/ -
Configuration Payload Ground | On-Orbit Operation BaCkL}P Total
Test Checkout Operation
Interface
LsO
A hardmate + + + + - 3
unmanned ops
deployed
B  gimbal 0 0 + + - 1
unmanned ops
deployed
C  tethered - - 0 + - -2
unmanned ops
-deployed
D free flyer + 0 0 + - 1
unmanned ops
deployed
ASQO
E gimbal + + + + - 3
unmanned ops
undeployed
F  gimbal - 0 0 + + 1
mmanned ops
deployed
G gimbal 0 0 0 - + 0
integrated GPL
H gimbal 0 + 0 - + 1
attached GPL
deployed
Note: {+) = +1, (0) =0, (-} = -1
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of on-orbit maneuvers with other ongoing scientific experiments. This
aspect can also be involved during the ground test when the ASO is an
integral part of the GPL. When the ASO module is separate from the

GPL the integration and testing procedures are reduced because many
ground operations can be performed independently. In totaling these
rankings the gimbal {configurations F and H) with separate manned

modules appears to have better operational characteristics than the
completely integrated case (configuration G) due to the relative independence

of the GPL.

These rankings, totaled in Table 4-16, should be considered at this time
as operational indicators. Furthermore, these estimated operational
rankings were based on conceptual layouts and were made without detailed

operational analysis.
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5. AUTOMATED SPACECRAFT

The Intelsat IV satellite was selected for the automated spé.cecraft
mission because it represents an applications type payload requiring

an energy stage, Also, it was expected that design information and costs
on this typical communications satellite would be documented and complete

enough to permit these studies to be pursued,

In the NASA 1972 mission model for the period 1979 to 1990, 110 out

of a total 287 payloads (40 percent) are to be launched into orbits beyond
low earth orbits, Specifically, they consist of satellites requiring upper
stages to function in orbits such as synchronous equatorial, planetary,
high elliptical, or high altitude [<1, 100 km (600 nrni)] orbit, Forty-five
payload launches of the 110 (16 percent) are communication satellites.
The communication mission represents 16 percent of NASA satellite
launches and 40 percent of NASA launches requiring an upper stage in
the 1972 NASA mission model.

5.1 SATELLITE DESCRIPTION

A description of Intelsat IV, including the general location of each unit,

is presented in Figure 5-1. The overall height is 5.3 m (17.5 ft) and

the diameter of the solar drum is 2. 7T m (7. 75 ft). The satellite is a
spin-despun type satellite with the antennas and communication subsystem
located on the despun platform. The mission equipment is all electronic.

A more detailed description of the satellite is given in section 5. 3, 1.

The satellite is sufficiently representative in design characteristics
of system demonstration satellites to illustrate, on a relative payload

program cost basis, the tradeoff for:
{1) Variation in satellite design life

(2) Shorter length satellite (two satellites per launch
vs one)

(3) Spacecraft adapted to mission equipment design
changes vs new satellites
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A comparison of the design characteristics of Intelsat IV, Tracking and

Data Relay Satellite, and System Test Satellite is shown in Table 5-1.

5.2 SYSTEM PLANS AND TRAFFIC MODELS

The programs selected from the NASA 1972 traffic model as being repre-
sentative were the Tracking and Data Relay Satellite (TDRS) and System
Test Satellite. TDRS represents an on-going system demonstration while
the System Test Satellite programs represent system demonstrations
limited in duration by the satellite lifetimes. It is of interest, therefore,
to determine the tradeoffs between payload design approaches and program
costs. The influence of communications advancement and increased

communications capacity (user demand) are analyzed separately.

The TDRS is a communication system designed to develop and demonstrate
a world-wide tracking and data acquisition satellite to support low earth
orbiting space programs including the Space Shuttle. The baseline traffic
as it appears in the June 1972 NASA mission model is shown in Table 5-2,
Case 1, with an initial launch by an expendable booster in 1978. In the
five years between 1978 and 1983 three new communication satellites

are to be put into operation to accommodate communication demands for
new technology, broader bandwidth, and improved systems. This is

to be repeated in 1989.

Case 2 represents the situation where the plans are revised to maintain
the 1978 vintage satellite in operation for twelve years. Case 3 repeats
the baseline mission equipment changeout schedule but uses the same
spacecraft design for eleven years. The spacecraft is adapted to block
changes in mission equipment. This concept will adapt to gains in mission

equipment technology, demands in communications, -and the needs of users.



Table 5-1. System Demonstration Traffic for Communication Program Trade-offs
Cases Payloads 78]79| 80| 81| 82| 83| 84| 85| 86| 87| 88| 89 90
Tracking and Data Relay Satellite
1 Baseline 3 - 3 - 3
2 Same Satellites 3
3 New mission equipment (only) 3 3 3
4 Same satellites
{increasing demand) (2 in 3
10 yrs) 1
2
5 Same satellites
(increasing demand) (3 in 3 —
10 yrs} 3
3
System Test Satellites
1 Mission #1 111
Mission #2 11
Mission #3 1|1
Mission #4 ' 11
2 Retrieve Satellite 1)1




(1)

Table 5-2. Comparison of Satellite Design Characteristics
System
Design Intelsat Test
Characteristics v TDRS Satellite
Launch weight kg (1b) 640-668 1,043-798 907-1,297
(1,420-1,473) | (2,300-1, 760){2}| 2, 000-2, 860
Overall length m (ft) 6.7-5.3 5.2 {17) 4.6 (15)
(22-17.5)
Diameter m (ft) 2.7 (9} 3.05 (10} 3.7 (12)
Mission Equipment Type SHF HF, UHF, VHE, SHF,
LASER EAF
Mission Equipment 272-59 272-143
Weight kg (1b) 159 (350} {(600-219) (600-315)
Stabilization & control Dual Spin Dual Spin Spin
type or - 3 Axis
3 Axis

Notes: (1) Characteristics in ranges reflect data from 1971 and 1972
NASA Payload Data Book (Ref. 5.5 and Vol. II of this report.)

(2) Weight includes apogee motor.




Cases 4 and 5 address only the increases in communication demands
by placing more of the same design satellites into orbit. Neither technology
advancements nor changes in user systems are represented in this traffic

model,

The system test satellites are communications programs developed to
demonstrate satellites for such potential users as law enforcemment,

post office, air traffic control, maritime service, and land traffic control
organizations. For each such user two satellites are planned for launch
in successive years. Upon successful demonstration, the satellites are
to be given to the particular user agency. There are no plans to repeat
these programs; each start will feature different mission objectives.
(This traffic model is detailed in Table 5-2.)

The tradeoff with the Shuttle/ Tug is to investigate the retrieval and reuse
of the spacecraft. It is possible to retrieve Mission #1 in 1985 and 1986
since these satellites will have reached the five-year mean mission
duration (MMD). The spacecraft portion can then be refurbished and
reused for Mission #4., Another possibility is the continued use of these
satellites after refurbishment by the non-NASA user. The former use

was assumed for this analysis.

In addition to the payload traffic, additional unscheduled payload flights
for random satellite failures are included. This was determined from a
reliability analysis of the satellite design. It is shown graphically in
Figure 5-2, The design and failure rates of these satellites are discussed
in the following section. The expected number of launches is a function

of the number of years for one satellite on orbit. This is shown for two
Intelsat IV designs, the baseline and weight optimized configurations, The
baseline represents the baseline expendable and the minimum modification

configurations; the weight optimized includes the redesigned configuration.
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5.3 DESIGN

A design study was performed to investigate the feasibility of adapting

the Intelsat IV satellite for Shuttle operations in which 2 Tug would be
used for deploying and retrieving a payload between the Shuttle and
synchronous orbit. The major design problems are to determine the
feasibility of rendezvous, remotely retrieving a spinning satellite in
synchronous orbit, and achieving rendezvous with the orbiter in low earth
orbit. This design effort was limited to the modifications required to
adapt an existing satellite, referred to as baseline expendable, to Shuttle/
Tug operations and to reconfigure the satellite to better utilize the

orbiter characteristics. The designs are sufficient only for costing and
for demonstrating feasibility. Aspects of extending the life of the satellite
design i'equired detail analysis because of their influences on cost,

The extension of design life was achieved in this study by standby redundancy
of components and was determined analytically in the form of redundancy

level.

5.3.1 Baseline Design

The Intelsat IV is launched by Atlas/Centaur into a 370 x 40, 700-km

(100 x 22, 000-nmi) transfer orbit. At apogee of an equatorial crossing
the Intelsat IV solid rocket motors (SRMs) are fired to achieve final
synchronous equatorial orbit. The Intelsat is separated from the Centaur
and the satellite is spun-despun within two sec of separation. After the
satellitfe's injection into synchronous orbit the spin axis is oriented to

the plane of the orbit, The spin speed of the satellite on station is

approximately 60 rpm.

A block diagram of the satellite communications subsystem is shown
in Figure 5-3. The RF signal at approximately 6 GHz is received by a

global receiving antenna. The signal is amplified and translated to the
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downlink frequency of approximately 4 GHz in the amplifier/frequency
changer. The front end and the amplifier/frequency changer in use

are selected by ground command. The signal is distributed for future
amplification to the 12 transponders, each of which has a bandwidth

of 36 MHz. Each transponder has redundant TWTs, controlled by ground
command, Also, each transponder contains a variable attenuator similarly
controlled by ground command so that the correct TWT operating point

can be selected for various conditions of spot beam coverage, global

coverage, or multiple/single carrier operation,

The outputs from the 12 transponders are connected to the transmitting
antennas through the filter/combiners in such a manner that transponders
9 through 12 are permanently connected to global coverage antennas,
while transponders 1 through 8 can be switched by ground command either
to a global coverage antenna or to a spot beam antenna. Transponder
assignments are made so that the lower frequencies are assigned to the
spot beam antennas and the higher frequencies are assigned to the global

antennas.

The earth coverage antennas have a beamwidth of 17 deg, which permits
coverage of about one third of the earth's surface. The spot beam
antennas are approximately 127 c¢cm (50 in. } in diameter and have a beam-
width of 4.5 deg. This corresponds to a circle with a diameter of about
2,775 km (1500 nmi) directly below the satellite. As the spot beam
antennas are pointed away from the center of the earth, the area of

coverage increases and the shape departs from a circle.

The spinning portion of the satellite consists of the cylindrical solar
array, solid propellant apogee motor, attitude control subsystem,

and structural adapter. The slip ring and torquer for the despun platform
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are located within the bearing and power transfer assembly. The seven
antennas, multiplexes, traveling wave tubes, and repeaters are located

on the despun platform. The seven antennas consist of two global receivers,
two global transmitters, two spot beam transmitters, and one omni

antenna. The two spot beams are 127 cm (50 in. )} in diameter and are

individually steerable over the visible portion of the earth.

The detail parts list that was used in this study is shown in Table 5-3,

which alsc shows the failure rate and weight of each unit used in the
reliability analysis. The general locations of these units are revealed

in Figure 5-1. The diameter of the solar drum is 19. 7 cm (7. 75 in. ) and
the overall height is 5.3 m (17.5 ft). The length of the cylindrical solar
panels encircling the satellite is 2.8 m (9.28 ft). The liftoff weight including
the apogee kick motor is 1,407 kg (3,103 1b).

In addition to making studies of the drawings and summary reports

(Ref. 5.3), Aerospace staff members toured the Intelsat IV assembly

and test area, and participated in discussions on the satellite's testing
procedure. The current Intelsat provides for component accessibility
through removal of the large spot beam antennas and the forward solar
drum from the despun assembly, The solar drums are mated at the mid-
section of the cylinder. Without the removal of the solar drum, refurbish-
ment would be difficult because of inaccessibility. The components will
have to be modularized and externally located if orbital refurbishment

is to be feasible. It is the manufacturer's opinion that component replace-
ment is not the time consuming problem. Accommodating an unscheduled
refurbishment cycle and testing time involved does, however, pose

problems of some magnitude.



Table 5-3,. Intelsat IV Parts List and Failure Rate Data

2l-4

Unit Weight Unit Failure Rate, Weight
Unit, Description kg (Ib) | Failures Per 106 Hr | Baseline | Optimized
Communication
Global beam receive antenna 2.21 | 4,87 0.01 1 1
Pre-amplifier chain : 3.62 | 7.97 6.00 4 6
Transponder 10.48 [23.10 not constant 12 12
Spot beam ant. & pos. mechanism | 5.74 | 12.66 0.50 2 2
Antenna positioner electronics 0.64 | 1.42 0.50 1 3
unit
Global beam transmitting 3.98 | 8.77 0.01 1 1
antennas
CDPI
Spinning & despun encoders, horn | 4.98 [ 10.99 3.75 2 3
antenna & coupler
Omniantenna 4.43 9.77 0.01 1 1
Command receiver 1.53 | 3.38 1.20 2 3
Despun decoder 1.50 | 3.30 2.00 2 4
Spinning decoder 1.18 | 2.60 2.00 2 4
Attitude Control
Propellant tanks; radial, spin-up &| 8.34 |18.39 2.90 2 4
axial thrust chamber assemblies
Stabilization
Sun & earth sensors, sensor 4,03 | 8.89 5.30 2 6
selector & phase lock loop,
torque generator, power supply
demodulator filter
Power amplifier & motor windings | 0.36 | 0.80 1.50 2 4
Bearing & power transfer 25.01 |55.14 0.50 1 1
assembly
Slip rings 0.07 | 0.15 0.20 2 3
Slip rings 0.07 | 0.15 0.20 2 3
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Table 5-3. Intelsat IV Parts List and Failure Rate Data (Continued)

Unit Weight Unit Failure Rate, Weight
Unit, Description kg {(lb) |Failures Per 106 Hr | Baseline Optimized
Electrical Power
Main & charging solar arrays 36.00| 79.36 0.20 1 1
Battery 19.63 | 43.28 0.10 1 2
Battery controller 2,05 4.52 0.50 1 3
Load relay 0.51 | 1.13 0.05 2 2
Main & charging solar arrays 36.00 | 79.36 0.20 1 1
Battery 19.63 | 43.28 0.10 1 2
Battery controller 2,05 4.52 0.50 1 3
Load relay 0.51| 1.13 0.05 2 2




5.3.2 Tug Description

The Tug used in this study is the March 1972 MSFC baseline Tug (see

Ref. 5.3), and the June 1972 Revision A Tug (Ref, 5.4}, The overall

size of the Tug is 4., 9-m (14. 67-{t) diam x 10.7-m (35~ft) length including
the payload docking mechanism (see Figure 5-4). The nominal performance

weights for round trip, retrieval only, and deploy only are:

Performance Weight, kg (Ib)

Deploy and Retrieval

(round trip) 1,361 (3,000)

Retrieve 1, 905 (4, 200)

Deploy and Return Empty 3,673 (8,100)

These performance characteristics are based on a 296-km (160-nmi)
x 28.5-deg inclination Shuttle parking orbit and payload injection into
geosynchronous orbit (defined as synchronous equatorial in this document).

The mass properties are:

Burnout weight 2,799 kg ( 6,173 1b)
Ignition weight, including

24,308 kg (53,600 1b) 27,454 kg (60,538 1b)
propellant

Interface weight 663 kg ( 1,462 1b)
Gross weight (less

payload 28,117 kg (62, 000 1b}
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The Tug can rendezvous and dock with a stable and passive payload that
is adapted for retrieval. Remote man-in-the -loop TV for terminal
docking is available as required in conjunction with rendezvous and

docking laser radar.

5.3.3 Minimum Meoedification for Shuttle

This concept represents the minimum redesign that will be required to
adapt the present Intelsat IV vehicle for Tug/Shuttle operation. Structurally
the changes include replacing the apogee kick motor with a new thrust

cone structure, which will serve as the main load~-carrying structure,

and mating the interface section with the Tug for launch and retrieval

(see Figure 5-5). The kick motor can be eliminated since the Tug can

place the satellite into synchronous equatorial orbit,

The expendable Intelsat IV satellite has been designed to take a high loading
in an axial direction along its spin axis. If the mode of operation is to
retrieve the satellite with the Tug and return it to the ground on the

Shuttle for refurbishment, additional beef-up may be required to strengthen
‘any marginal areas sufficiently to take the high lateral loading from reentry

and landing.

A design study with similar cbjectives, but one conducted to identify detail
design changes, was performed on the Defense Support Program satellite.
This study resulted in a three-percent structural weight increase when
the Shuttle/Tug was substituted for an expendable launch vehicle. The
strengthen areas were limited to fittings, interface, and platform. The

primary structure did not require beef-up.
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The docking concept used in this study is depicted in Figure 5-5. It

is the modified Apollo docking mechanism described in Ref, 5.4. It
employs a basic Apollo drogue and probe mechanism which has been
modified to enable the Tug-mounted probe to dock with the drogue on the
spinning satellite. This is accomplished by pre-rotating the probe to
match the 60-rpm spinning speed of the satellite prior to engagement.
After engagement the probe motor is despun. The satellite is drawn up
against a mating ring where it is indexed and latches are actuated to hard-

dock the satellite to the Tug.

An umbilical connector attached to the satellite/ Tug mating ring, when
engaged, provides a power and command link from the Tug to the satellite
and monitors the payload for safing and deactivation. At the time of this
study the standard docking mechanism in the baseline Tug (Ref. 5.4)

did not appear t> be usable for retrieving a spinning satellite, Studies

by McDonnell Douglas have since indicated, however, that spinning

satellites can be retrieved if a circular ring is affixed to the payload,

instead of the square ring specified in the baseline document., This approach

appears to be less complex and more Tug/payload-adaptable.

The minimum modification Intelsat IV type of vehicle does not readily
lend itself to an on-orbit service mode because of equipment inaccess-
ibility due to the drum-mounted sclar array arrangement. The two
section drum structure is designed to slide off forward and aft to permit

access to the equipment,.

An area that should be examined in detail is the attitude control subsystem.
This subsystem is most critical in the docking and despin operation and
must be made compatible with the docking method. Studies have indicated
that there are potential stability problems during payload despin after

docking has occurred. The critical parameters are the relative stiffness,

PRECHDING PAGE BLANK NOT FILMED



inertia, and spin rate. Moreover, docking with a spin-stabilized payload
is not yet completely understood. These areas must be studied further
and solutions for these potential problems found before retrieval of

dual spin satellites can be given detail consideration. For this tradeoff
study, however, it will be assumed that these technical problems can

be solved and that retrieval is feasible.

5.3.4 Weight-Optimized Design

The outboard configuration of the weight-optimized design is identical
to the minimum meodification configuration for the Shuttle (Figure 5-5).
The internal configuration, however, is modified to accommodate the
increase in redundancy for the optimized design units. The increased
redundancy was determined from the system optimization program
(SYSOFPT). The structural, or outboard, configuration was not changed
because the structural reliability was assumed to be 100 percent for
the life of the satellite. The increase in the units can be accommodated

by an additional equipment platform within the solar drum.

SYSOPT is a FORTRAN computer program which optimizes the satellite
system when weight or cost is the limiting factor, The measure in
determining the optimum is MMD, which is the mean time to failure
(MTTF) of the system in a finite time interval. A function of the system

reliability, it is defined as:
T
MMD (T) = f R{t) dt
0

where R(t) is the system reliability at time, t

This theoretical technique serves as a useful guideline to designers by
allocating the weight (or cost) allotment between redundancies to improve
system reliability and expendables and to extend system life in an optimal

manner.
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The input to SYSOPT is the baseline satellite system reliability mathematical
model, failure rate data, and unit weights. The reliability model consists

of a series of units which can be redundant. The system reliability is the
product of the reliabilities of different types of units. A unit may contain
internal redundancies such as active or standby redundancies and may
contain several components and elements to make an assembly capable

of independent operation. The failure rates of the units are assumed fo

be constant and do not consider burn-in or wearout failures.

The principle used in SYSOPT is an iterative process by which redun-
dancies are added on the unit or sub-unit level. The increase in MMD
over the increase in weight (or cost) is calculated for each unit. A

unit where additional redundancies are not needed or are not feasible

can be suppressed. The unit showing the greatest AMMD/A weight (or
Acost) is selected for redundancy, thereby formulating a new reference
configuration. The process is repeated until the weight or cost constraint
is reached. The process can also stop on a preselected number of
iterations or AMMD/A weight ratio.

Since the weight is not to be considered a constraint ior Shuttle payloads,
the weight, cost, and number of iterations were removed as stops in

the SYSOPT. The only computer stop instruction retained was the
AMMD /A weight ratio which was setat 5 x 107> hrs/1b. On the basis

of past experience this value was established as a practicable limit.
Those units which were suppressed from being redundant were:

(1) Global beam receive antennas

(2) Global beam transmit antennas

(3) Spot beam antenna

(4) Omni antenna

(5) Bearing and power transfer assembly
(6) Main and charging solar arrays

(7) Structure
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The number of units were determined with those permitted to be redundant.
The resulting weight-optimized equipment configuration is described

in Table 5-2. The MMD and weight for the baseline and weight-optimized
configuration are 6.1 years and 668 kg (1,473 1b}), and 6.8 years and

778 kg (1,715 1b), respectively. The MMD was based on a truncation

time (amount of expendables) of nine years. The weights do not include

739 kg (1, 630 1b) for the apogee motor.

5.3.5 Redesign Configuration

This redesign concept has been developed to make use of the large
diameter available in the Shuttle by expanding the solar array drum
diameter to 4.6 m (15 ft) and shortening the drum length. This configura-
tion, shown in Figure 5-6, maintains the same power and spin-despun
stabilization method. The decrease in length will provide space for other
payloads to share the transportation cost. The large diameter will
minimize the tendency of the vehicle to tumble during any despun
abnormalities. The large diameter also offers the possibility of utilizing
larger spot beam antennas to increase comrmunication capability, or to

rearrange the antennas to decrease the overall payload length.

The larger despun diameter also makes it feasible to locate the weight-
optimized equipments externally above the spinning drum envelope.
This provision permits easy access for assembly, testing, and equip-
ment changeout without the need to remove the solar array drum. The
optimized equipment list can be packaged into modules to simplify the
refurbishment for ground or on-orbit operations. Furthermore, these
modules and expendables when mounted on the despun platform will

not be sensitive to the mass distribution, in contrast to mounting them

on the spinning portion.

5-22



€¢-¢S

4.2 m
(13.9 ft)
DESPUN EQUIPMENT -
REMOVABLE MODULES\
‘ FUEL TANKS
=
SOLAR ARRAY —__ |\ T ft)
‘ 1&
18
=1 Y
121/
|/_ 125 .
/ /\
DOCKING CONE = . AXIAL THRUSTER
(drogue)
DIAMETER
~ 4.6 m (15 ft) -

UMBILICAL CONNECTOR

Figure 5-6, Redesigned Configuration, Intelsat IV Task



The overall length of the redesign configuration is approximately 4.2 m
(13,9 ft) which compares with 5.3 m (17.5 ft) for the baseline. This
length consists of 1.4 m (4. 75 ft) for the solar array drum, 0.5 m

{1.65 ft) for the despun equipment module, and 2.3 m (7.5 ft) for the
antenna assembly. The drum length was established by the 4, 6-m (15-ft)
diameter cylinder and by maintaining the same electrical power level as
the baseline. The antenna arrangement shown is the baseline dimension.
The antenna assembly could be rearranged to effect an overall length
established by the diameter of the large spot beam antennas. This would
result in a net payload length of approximately 3.5 m (11,5 {t) which
would be short enough to tandem two satellites on the Tug and fit in the
Shuttle cargo bay. In such an arrangement the total payload weight would
be within the Tug performance in the deployment mode but would be in
excess of the Tug round-trip capability. The tandem arrangement

could be employed only for the initial deployment mode or multiple with
other payloads.

5.3.6 Weight Estimate

The weight statements for the baseline reusable, weight-optimized,

and. redesign configurations were estimated. They are shown in Table
5-4, The baseline expendable weights were obtained from a contractor
document {Ref. 5.2), The baseline reusable uses the equipment from the
baseline expendable except for the following modifications required to

deploy and retrieve the satellite by the Tug.
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Takle 5-4,

Intelsat IV Weight Statements

Configuration Minimum Modi-
Baseline fication for
Expendable Shuttle, Weight Opti- Redesign
Config A Config B mized Config C Config D

Subsystem kg {1b) kg (1b) kg (1b) kg (1b)

Structure 184 (405) 270 (595) 284 {625} 238 (525)
Basic 143 (315) 143 (315) (143) (315) 136 (300)
Supports 41 (90} 41 {90) (54) {120) 54 (120)
Retrieval -- 86 (190) (86) {190) 48 (105)

Guidance and 34 {75) 34 (75) {51) {113) 51 (113)

Navigation

Propulsion 739 | (1630) Tug Tug Tug

{apogee kick motor)

Attitude Control 152 (334) 175 (386) 421 (927) 395 (871)

Equipment 7 {16) 7 (16) 15 (32) 15 (32)

Propellant 135 {(297) 157 (346) 379 (836) 356 {784)

Tanks 10 (21) 11 (24) 27 (59) 25 (55)

Telemetry and 23 (50) 23 (50) 35 (77) 35 (77)

Command

Electrical Power 118 {259) 118 (259} 172 (380) 172 (380)

Mission Equipment 159 {350) 159 (350) 167 {368) 167 {(368)

(Communications)

Payload Weight 1408 | (3103) 778 (1,715) 1,129 (2,490) 1,059 (2,334)
Tug Modifications 170 (375) 170 (375) 170 {375)
Sub Total 1408 | (3103) 948 (2,090) 1,300 (2, 865) 1,229 (2,709)
Tug -— 28,123 | (62,000) [ 28,123 | (62,000) | 28,123 | (62, 000)
Total Weight 1408 | (3103) }29,071 | (64,090) | 29,422 | (64,865) | 29,352 | (64, 709)




Modification Weight Change

1. Structurally beef-up docking

gear, and add equipment for Tug + 86 kg ( 190 1b)
retrieval.
2. Remove apogee motor since Tug
places the satellite in orbit. -739 kg (1,630 1b)
3. Increase attitude control weight
to maintain the same velocity + 24 kg ( 52 1b)
increment (tank and propellant).
Satellite net weight change -629 kg (1, 388 1b)
4, Structurally modify the Tug
to enable it to retrieve the +170 kg ( 375 1b)
spinning satellite.
Gross weight change -459 kg (1, 013 1b)

The baseline reusable gross weight is 778 kg (1, 715 1b) and the total

weight chargeable to the payload is 948 kg (2, 090 1b).

The mass of the weight-optimized concept was estimated by using the

baseline reusable weight plus the increases for system optimization,

The changes for the baseline reusable are:

redundancy

3. Attitude control for longer life and
weight increases

Modification Weight Change
L. Structure supports for the unit increases +13.6 kg { 30 1b)
2. Guidance navigation for increase in

+17.2 kg ( 38 1b)

+245.3 kg (541 1b)

CDPI for increase in redundancy t12.2 kg ( 27 1b)

5. Electrical power for increase in redundancy +54.9 kg (121 1b)
Mission equipment for increase in redundancy 8.2 kg ( 18 1b)
Satellite net weight change +351.4 kg (775 1b)




The levels of redundancy are shown in Table 5-3 for each of the subsystems,
The gross optimized weight is 1,129 kg (2,490 1b) and total weight chargeable
to the Tug is 1,299 kg (2,865 1b).

The redesigned .configuration represents a concept which has the weight-
optimized equipment externally accessible and the overall length shortened
to multiple the payloads. In shortening the solar array drum, the thrust
cone length was reduced and the structural beef-up of the baseline structure
for landing loads was eliminated because of the increased strength with

the short structure. The equipments that are mounted on the despun
platform are not weighted for modularization. The weight reflects only
accessibility. The structural weight for modularity is estimated to
increase by 90 percent for those subsystems that are modularized (Ref. 5.5).
The total weight would increase by approximately 305 kg (670 1b), or

0.90 x 399 kg (880 1lb) minus 54 kg (120 1b) of current supports. If this
increase is added to the estimated weight without modularization of

1,229 kg {2, 709 1b) the total satellite weight is increased to 1,533 kg

(3, 381 1b).

5.4 DISCUSSION

The spin-despun Intelsat IV was examined as a representative automated
spacecraft for Shuttle/Tug operation. This examination consisted of a
minimum meodification, and weight-optimized and shortened redesign
configurations. The minimum meodification study indicated that the design
change needs to be relatively minor for Tug compatibility. The weight
change for the minimum modification was a reduction of approximately
454 kg (1,000 1b), The reduction is due to the elimination of the 739-kg
(1,630-1b} apogee motor. The gross weight including structural add on

to the Tug is 948 kg (2,090 1b). This weight is within the 1, 361 kg

{3, 000 1b} round ~-trip performance of the Tug.
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The weight-optimized configuration maintains the baseline reusable
configuration but increases the subsystem equipments to increase the
satellite life from 6.1 to 6.8 yr MMD. The increase in the equipments
is based on optimizing the unit redundancies. This increase in the
number of units can be accommodated within the configuration by adding
a platformn. The gross weight of this concept is 1,299 kg (2, 865 1b)

and is within the Tug round-trip performance capability.

The shortened redesign configuration is an attempt to utilize the available
diameter of the Shuttle cargo bay for purposes of launching two payloads

in tandem and to provide equipment accessibility for assembly, fest, and
component replacement. It was determined that increasing the solar array
drum diameter to 4.6 m (15 ft) decreased the overall length by 0.9 m

(3 ft). If the antenna assembly were rearranged, the overall length could
be reduced by an additional 0.9 m (3 ft) resulting in an overall length of
3.5 m (11.5 ft). Given this length, it appears feasible to tandem two

of these configurations on one Shuttle/ Tug flight; the gross payload weight
for two satellites, however, will exceed the Tug round-trip capability.
Two satellites in this arrangement can be launched in the deployment

mode only. If on-orbit maintenance is required, the satellite must be
modularlized and the modules located in the despun section to minimize
the balancing problems. Modularity could increase the total weight to
approximately 1, 542 kg (3,400 1b) plus spare modules and remote manipu-
lator weights., This total weight is in excess of 1,361-kg (3, 000-1b) round-
trip and can exceed the 1,905-kg (4, 200-1b) Tug retrieval performance
capability.
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6. OBSERVATORY SPACECRAFT

6.1 INTRODUCTION

For the study of observatory spacecraft HEAO-C was selected as the repre-
sentative payload for this class of satellites. In the 1972 NASA mission
model the HEAO-C is scheduled for launch in 1979, It will continue to
function until 1983, when additional HEAQOs with different mission equipment
are scheduled to be launched {see Figure 6-1). Prior to mission C,HEAO A
and B will have been flown in 1975 and 1977. Because of this continuing
program HEAO-C requirements (e.g., pointing accuracy) are being included
in the A&B design to ensure that the same spacecraft design will be used.
The mission objectives for HEAO flights starting in 1983 are not defined at
this time; it is assumed, however, thét these flights will not duplicate prior

missions, Each HEAO mission will be unique,

One concept using the same spacecraft throughout the 12 years in the Shuttle
era was continued in this tradeoff study, The basic structural configuration
and subsystems were established to accommodate the A, B, and C mission
equipments. In selecting alternate concepts the design study emphasized the
modifications necessary for compatibility with the Shuttle to deploy, retrieve,
and perform on-orbit service and ground refurbishment, This study also
investigates the equipment modifications required to shorten and extend the
design life about the nominal two-year MMD. The study was conducted to
provide payload data on various design lives for the economic tradeoff of

optimum life for various revisit times.

6.2 MISSION OBJECTIVE AND EQUIPMENT DESCRIPTION

The overall objective of HEAQ-C is to investigate detailed-structure, spectra,
and location of specific X-ray sources using pointed (1 arc min) spacecraft.
(See Vol. II of this report.) HEAQO-A&B, which preceed mission C, are to
perform a scanning survey of the celestial sphere primarily to locate the
X-ray sources, whereas HEAO-C will be devoted entirely to pointing in order

to obtain data on the structure, spectra, and polarization of the source.
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The experiments are listed in Ref. 6.1 and are duplicated in Table 6-1 for

the convenience of the reader. The structural configuration for HEAO-A&B
was designed to accommodate the HEAQ-C mission experiments. In addition
to accommodating these experiments, the stabilization and control includes the
mission C pointing requirement of +1 arc min. The HEAO-A&B spacecraft
design is basically adaptable for HEAO-C i, e., high commonality with the
primary difference being limited to the experiments (Ref. 6.2). Thia config-
uration is shown in Figure 6-2 with solar array deployed and the orbit adjust
stage mounted for expendable launch on T-III D. The overall length is 13.1m
(42. 9 ft) and the distance across the octagon is 2. 7m (8. 8 ft).

6.3 DESIGN

The objectives of this design study were to provide design information for an
economic comparison of ground refurbishment, on-orbit remote service and
man-tended service, and spacecraft design life. To develop and study
feasible approaches, conceptual designs were performed on the configurations
summarized in Table 6-2. The ground refurbishment concepts are considered
minimum modification since only payload support, deployment, retrieval, and
gsafety monitoring are involved in the Shuttle compatibility, whereas on-orbit
service requires all new spacecraft structure and packaging for performing
maintenance on-orbit. The on-orbit service by remote manipulator was
investigated for three Shuttle docking locations. The shirtsleeve man-tended

service considered only the forward docking position,

The HEAQ baseline design is two-year MMD, and it was varied from one to
five years' design life. The design life variation was performed by varying
the equipment redundancies. The structural, thermal control, and mission

equipment were not involved in this reliability analysis.
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Table 6-1, Experiment Power, Weight, Size, and Field of View
Average Power (W)
Field of View Size Total
(Total Angle) HxWxL Weight Inside Outside
Experiment Compohents {min) (in.) (1b) Tube Tube
High Resolution Telescope
HR Mirror Asaembly 60 40.5 dia ¥ 48 long 2025
HR Image Intensifier 10 dia x 10 long 20 13.5
Mode 1 17 % 17
Mude 2 2.1x2.1
Mude 3 17% 4.2
Electronics Module BEx §x 10 24 b 18. 0
HR Crvstal Spectrometer 60 in transport mechanism 397 21.0
HR Experiment Transport
Mechanism 3B = 43 x 83 70 {c)
Ubjective Grating {a} 40 dia x 12 long &0 {c)
Filter Wheel (a) 10 dia x 6 long q0 ()
Structure Excludett
Large Arca Telescope
LA Mirror Assembly GO 40 dia ¥ 49.5 long 2400
LA Position Sensitive
Detector 26 5% 5% 5 100 Lo
Floectronics Module 5% Bx 30 50 13.5
Solid State Detectoy 7 10 (i x 18 long 90 2.0
plus 18 in. dia sphere b
Electronies Module T 7% 25 6.2
LA Lxperiment Transporet
Mechasm 38,5 % 40+« 21 1i5 (c)
Filter Whevl {a} 1 dia x 6 Jong 40 (c)
Structure Excludec
Flare Detectors
Coarsc Detcctor {6) 90 < 90 {en.) 5.5 % A% 3 {en.} 120 B2
Fine Detector (1) H 10+ 1 4R 27 (d}
Electronics Module (4} e G 5% 3 (va.) 150 28 (2 only)
Monitor Proportional Counter 1 FW f lirw liix 24 L] 1.0
L FwHM
Electronics Module Included abusve 44 B. 0
Flat Cryvstal Spectrometer (1} P I'W 23> 19 i) 162 17,0
L FWHM
Aspeet Detector T-5 10 diax 1% long, 1on 8.0
Electrvonics Mutules RIS (1] 2] 6.0
Cabling 155
On Tubes 27
On Spacecraft BRI
Low Encrgv Telescope 24
Mirror Assembly 15 20 clin x 26 long 40l
Position Scnsitive Detector 1.5 S G5 34
Low Buckground Detector 1.5 0% 3% 6 30
Filter Wheel 10 dia * 6 long R{T}
Transport Mechanism inctuded above 50 (g)
Structure 300

a, Depends on detector,

b.

c.

d.

e. Full width.

[. Full width, half maximum.

Not to be included in maximum power configuration.

Uses 6 W during operation; duty cycle ia regligihle,

Fine detecior and its electronics use 2 W and 5 W, reapectively, during
operation; used only during flare observation.

. Uses 6 W during operation; duty eycle is negligible.
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Table 6-2.

Summary of Configurations

CODE TITLE CONFIGURATION REMARKS
ROUND REFURB MIN/MUM
b —r (] | temrghnon
MODIFIED .

BASELINE ] | ON GROUND
B ALTERNATE /]:} (] RETRACTABLE
BASELINE f SUN SHADE
ON ORBIT -
REMOTE SERVICE
- SERVICE WITH
c NOSE MANIPULATOR
DOCKING - SPARES INCLUDED:
| 1
E TILT TABLE 2&:’ E(]
DOCKING _ |
REPAIR & C/0
F CARGO BAY IN STOWED
DOCKING | POSITION
MAN-TENDED IVA
D ON-ORBIT
SERVICE]
NOSE DOCKING i a SERVICE BY IVA
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6.3.1 Modified Baseline

The modified baseline is the minimum meodification version of the expendable
satellite for deployment and retrieval by the orbiter. This concept is shown
in Figure 6-3 without the orbit adjust stage (OAS) since the orbiter can place
27,210 kg (60,000 1b) into 463-km‘(250-nmi)/28. 5-deg circular orbit with
supplemental OMS tankage installed. A similar configuration is shown in
Figure 6-4 where the telescope sunshade is postulated to be retractable,
thereby providing added space in the cargo bay to permit installing a2 second

HEAOQ or other satellite of comparable size,

In both configurations, there is sufficient cross-sectional area in the cargo
bay for the solar arrays to be fixed in their extended positions, thus

obviating the need for an array extension mechanism. The internal equip-
ments are located to provide accessibility for ground assembly, checkout, and
component replacement. The spacecraft subsystem equipments are isolated
on a panel located on the anti-solar side. The equipment boxes are an open
rack concept for easy access. FKEach equipment is thermally integrated and
self-contained, This approach to accessibility and passive thermal control is

also consistent with Shuttle ground refurbishment concepts.

For cargo bay stowage both concepts require a pallet which can be the
standard payload pallet to transfer the HEAQO loads to hard points in the
orbiter. The manipulator is assumed to be the deployment and retrieval
mechanism. With the pallet and manipulator concept, the payload docking
provisions are hard points for the manipulator to grasp; the pallet transfers

the loads rather than the docking mechanism.

The HEAQ is shown in the forward position, which is within the orbiter
center-of-gravity limits; however, the more preferred center-of-gravity
location is aft, which leaves the forward position for other payloads that may
require more orbiter/payload interface. It appears that HEAO has minimum
interfacing and can therefore be located aft. The space available for other

payloads with configurations A and B is 6.7 and 9. 2m (22 and 30 ft).

6-7



ORBITER

FIXED SOLAR:
PAYLOAD ENVELOPE ARRAYS

4.6 m
(15 ft) dia
(REF)

HEAO "C" (OAS OMITTED)
/_ )

~ 7 - —

s Lo

879

Iy

1N

“ _ X — 7
s
| | ‘ o / ) :\/ - \\

Y

AN

PALLET LSPACE FOR OTHER PAYLOAD(S)
LENGTH APPROX. 6.7 m

PAYLOAD/PALLET
ATTACH POINTS (TYP. -2 STATIONS)

MANIPULATOR ATTACH POINTS

Figure 6-3.

Configuration A - Modified Baseline

(22 ft)

-




FIXED SOLAR ARRAYS
REVISED TO ACCOMMODATE
ORBITER SLIDING SUNSHADE

HEAO "C" (OAS OMITTED)

/— RETRACTABLE SUNSHADE

—

(MAX. ) 9. 2m
{30 ft) AVAILABLE FOR |
- 9.2 m SECOND HEAO "C" OR
(30 ft) OTHER PAYLOAD(S)

Figure 6-4. Configuration B - Alternate Modified Baseline



6.3.2 On-0Orbit Remote Service

The concepts for remote on-orbit service are shown in Figures 6-5, 6-6, and
6-7, hese concepts consist of nose docking, tilt table docking, and cargo
bay docking in which the manipulator articulation and operator viewing
‘capability vary. For predeployment testing, the manipulator must transfer
the payload from the cargo bay to the nose docked position to perform the
initial payload checkout. The nose docking can use the existing orbiter
docking mechanism and is in good pilot view for payload retrieval since the
terminal docking maneuvers can be performed without the use of the manipu-

lator.

The component replacement is achieved in the three cases by the orbiter
equiped manipulator's removal of failed modules and replacing them with
spare modules. The spare modules are located on racks in the cargo bay,
where the repiaced (failed) modules also can be‘stored. EVA is available as
a backup mode for the nose docking and tilt table docking. For the nose
docked position, the manipulator reach to replace modules is afar and only
modules located in direct viewing positions are accessible. The payload must

be rotatable for access to all the modules.

The tilt table method, shown in Figure 6-6, should reduce the manipulator
reach and improve the operator line of sight. The viewing distance for the
module replacement is closer, and if the arms can articulate as shown the
modules in the blind area can be replaced. The viewing in these areas can be
augmented with small TV zoom cameras and lights located on the arm probe.
An alternative approach is to adapt the docking mechanism to rotate and index

the payload into position for direct module removal and replacement,

Figure 6-7 shows the HEAQO remaining in the cargo bay for predeployment
checkout and on-orbit service. The spacecraft is rectangular, permitting
unidirectional module extraction with the payload in the cargo bay. In this

approach all of the modules are accessible from the top side by the
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manipulator or IVA as a backup mode with direct operator line of sight. This
concept also simplifies ground access to payload subsystems from post mate
to launch. The arrangement has disadvantages, however, in that the
available cargo space is not used efficiently and the on-orbit checkout is per-
formed in the bay where the instruments and guidance sensors have no direct
space view to provide end-to-end checks., A better afrangement is to mount
the unidirectional access configuration on the tilt table where accessibility
and sensor solar sighting can be attained with good viewing, simplification of

manipulator operation, and good deployment approach.

The layout of the components in the modules for on-orbit replacement is
shown in Figure 6-9. The component modularization groups the items by
faillure rates and subsystem. The higher failure rates within the same
subsystem are mounted in the same module in accordance with area avail-
ability. The failure rates in descending order are listed in Figure 6-9 from
highest down to five percent failure in two years. This list is approximately
50 pefcent of the master equipment list which appears in Vol. I of Ref, 6,1,
The 50 percent represents 70 percent of the weight in the master list and
requires 16 of the 24 modules. The eight spare moudles can be used for the
higher reliability items and those instruments in the mission equipment that
can be modularized. The module sizes are approximately 0. 6m (2 ft) high x
1.2m (4 ft) wide x 0.6m (2 ft) deep. The battery module is the heaviest item.
Its weight, not including the structural box, is 76 kg {168 1b).

The 4, 6m (15 ft) octagon spacecraft configuration was selected to utilize the
large available volume in the cargo bay and to provide accessibility and
growth of the mission sensors. The space for growth is available by

additional layers of modules.

The modularization for the unidirectional access concept is shown in Figure
6-10. This arrangement represents the same total volume with half the
number of modules used in the large octagon configuration. The reaction

control subsystems, located at the four corners to provide the greatest
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distances between thrusters, are self-contained units except for the electrical
connections. The unidirectional module access simplifies ground assembly,
testing, and replacement because the units are all located on one side,
minimizing the need for special ground handling tools. This concept can also

accommodate equipment growth by adding modules.

6.3.3 Man- Tended

The man-tended version is illustrated in Figure 6-8 as a nose docking
arrangement since an airlock is assumed to be available only at this docking
position. The spacecraft is a pressurizable structure with meteoroid pro-
tection and a crew transferable docking mechanism for IVA shirtsleeve
environment. A large cylindrical structure [4. 6m (15 ft)] was selected to
provide adequate room for personnel mobility in repairing and testing
components and for mounting subsystem components along the structural shell

for direct accessibility.

The initial pressurization is provided by the payload, but the attendant
environmental control is assumed to be provided by the orbiter through the
l-m hatch opening. With the shirtsleeve IVA condition provided in the
payload, the modularity concept should be a sirﬁpler design than those that
require automation or EVA to replace equipments. The technician could use
his ground testing and equipment replacement experience in many of the on-
orbit component replacement operations. Repair training for payload ground
refurbishment should be applicable to on-orbit refurbishment. The repair

techniques should be analagous except for the zero gravity effects,

This method, however, will require identification of failed components and a
high degree of self-check capability, The system test can be performed by
the orbiter-provided payload checkout system. The on-orbit repair time is
limited to seven days Shuttle-on-station time since other orbiter functions
will need to be performed. The payload must be designed to have this rapid

repair capability by identifying and isolating the failed component, simplifying

PRECHDING PAGE BLANK NOT :1iMpp
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component replacement operation, and automatically performing system test.
In addition to facilitating spacecraft repair, the IVA approach can also
resupply, adjust, recalibrate, and repair the mission equipment as required

if it is accessible,

6.3.4 Spacecraft Design Life

The baseline HEAQ-C is an expendable payload with a two-year design life.
For a reusable payload the two-year design life may not be optimum and the
design life should be varied to determine the optimum life. To modify the
payload design life in the most rigorous manner, payload failure rate data and
a reliability model are required. This type of information was not available,

only overall reliability data being available in Vol. III of Ref. 6.1.

An approximate approach was used in performing this task with only overall
reliability data. This approximation has been proven empirically on past
satellite programs to adequately characterize the overall reliability for

preliminary design studies. The reliability equation is:

R (1) - o(~At-Bt%)

where A = coefficient for no redundancy (single string)
B = coefficient for redundancy
t = time

The coefficient can be determined by reliability values at two different times
per satellite configuration since there are only two unknowns. The
reliability values were provided in the reference document at one and two
years for three payload configurations. Also, the reliabilities for two-year
design with increasing redundancy, based on optimizing the reliability
increase per cost increase, were available and are tabulated in Table 6-3.
From this set of data the coefficients were estimated and the MMDs were

computed for a two-year truncation time.
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Table 6-3. Reliability for Increasing Redundancy (2-yr Lifetime)

Fcan

M‘.-.;‘-.‘,:_..:.m Component (.‘%?:w-y‘f:'-)sﬂ Mission

Arlihat Coamponent Quauntity Cost {3} Reliaduhity Duration
1. Duscline Spacccralt Total {2 yr) 0.6433 1757
2, Read Only Memory 2 1 000 06511 1.765
A, bada Sterage Conteol 2z an 6on 1 e 1. Blll'
4, Fleetrical Iniegrtion Asscembly 9 2 000 0,697 1. 816
4. Mcmory 3 20 000 0,705 1.827
6. WNeceiver 5 a7 500 0,72H4 1.811-7
7. Command Processor 3 20 000 0,7350 1.857
M. Regulator 5 30 000 0.7506 1.868
9, CMG Elccteonics 5 172 000 0.A318 1.902
10, Solar PPancl Deployment Mechanism 7 10 000 0,H362 1. 9014-
1l. Remole Decoder 13 3 000 0. HI96G 1.905
12.  Proccssor/Computer 4 99 000 00,8654 1. 923
11, Gallery Charger 7 100 ROO 0.RATZ 1.932
14, Eleeveical Intogration Assembly 10 2 000 0.8H77 1.934
15, Veansfor Assembily 2 29 000 0. 0061 1.94%
16.  DISS Electronics 3 52 000 0.915 1.950
17.  Rate Gyros Set (3 Gyros) a 60 000 0, 9260 1.957
16, DPCM Encader 3 60 000 0.9359 1.962
19,  Thruster Malules 5 5% 000 0. 9453 1.968
20,  Head Only Memory 3 1 000 0.9454 1.968
21, CMG Fleetronics s 172 000 0., 9654 1.978
2r. femole Decoder 14 8 000 D.9642 1.978
23. Formi Generator 3 40 000 0.9676 1. 980
24.  Power Control Apsembly 3 25 000 0.9697 1. 98 2
5. Negulator § 30 000 0.9719 1.964
26,. Data Storage Control 3 30 000 0.975A 1.987
21, Cabling Conversion St 3 2 000 0,979 1.987
24, Processur/Compuler 5 99 DOV 0.9792 1. 988
29.  Ciock 2 26 000 0., 9804 1.98¢
30, Memory 4 20 000 0.9416 1.990
31.  Tube Insulation 2 4000 0.54i8 1.991
3¢, Coalings a 4500 - 0.9H19 1.991
34, Outer Shell [nsulalion 2 4500 0.9821 1.991
4. Dauery Charger F! 100 800 0.9860 1.9592
35, Comawind Processor 4 20 000 0.9867 1.993
Ju tlectrwend Integration Assembly il 2 000 0. 38 1. 993
37. CMG Eleciromcs 7 172 000 0.9H95 1.994
JH.,  Remow Decoder 15 8 000 0.9896 1.995
38, Swar Tracker Electromes 5 150 000 0.5913 1.996
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These coefficients were used also in determining the reliabilities at four and
five years' design life or HEAO at various levels of redundancy. The
computed reliability and MMD are tabulated in Table 6-4.

From this tabulation the redundancy level was selected for the reliability at
design life. The baseline expendable HEAQ has a 0, 6433 spacecraft
reliability at two-year design life, Table 6-4 feveals that the nearest
reliabilities at the four- and five-year design point are for configuration num-

ber 17 and 20, respectively. The corresponding MMDs are 3.5 and 4.3 years.

This same payload was also reduced in reliability, since the Shuttle is
expected to perform yearly revisits. The reduction is reliability was per-
formed by removing redundancy in the order shown in Table 6-5. The
redundancy order from the top was based on a decreasing weight to reliability

ratio.

The same reliability at design life was used again to select the level of
redundancy. Eliminating eight components reduced the reliability to 0. 629 at

one year,

The MMD at this redundancy level is 1.3 years for a two-year truncation
time. The MMD is larger than the design life in this case because the
truncation time is twice the design life, whereas in the extended life the

design life and truncation time were the same.

These levels of redundancies, as developed by the above process, were used
to define the equipment list for the one~, four-, and five-year HEAO-C. The
structure, thermal control, and mission equipment were not changed from
the baseline configuration. This assumption should be satisfactory for the
structure and thermal control since the redundancies are in standby mode and
adequate space appears to be available for the added redundancy. Extending
the life of the mission equipment is questionable, however, because the data
value, instrument deterioration, technology, and calibration are functions of
time. These factors do not affect the reliabilities in this study since the

reference data did not include mission equipment failure rates.

6-24



92-9

Table 6-4.

Increase Reliability for Four and Five-Year Desian T.ifa

Spacecraft (4-yr) Mean Mission {(5-yr) Mean Mission
Total Component § Spacecrait Duration Spacecraft Duration

No, Added Component Cuantity Cost ($K) || Reliability | {4-yr mission) j| Reliability | {5-yr mission)
1 | Baseline Spacecraft Total (2 yr} . 0865 2.312 . 0200 2,359
2 | Read Only Memory 2 1.0 . 0948 2.346 . 0231 2.398
3 | Data Storage Control 2 30.0 L1300 2,500 L0375 2.576
4 | Electrical Integration Assembly 9 2.0 L1319 2,507 .D383 2.585
5 | Memory 3 20.0 . 1437 2.550 . 0438 2.635
& | Receiver 5 37.5 . 1664 2.527 . 0551 2.730
7 | Command Processor 3 20.0 . 1822 2,646 . 0685 2.732
8 | Regulator 5 30.0 . 1952 2.717 L0707 2.842
9 | CMG Electronics 5 172.0 .3550 3.042 . 1887 3.309
10 | Selar FPanel Deployment Mechanism 7 10.0 . 3405 3.020 . 1757 3.272
11 | Remote Decoder 13 8.0 .3749 3.077 L2063 3.363
12 Processor/{Computer 4 G99.0 L4571 3.144 . 2093 3.578
13 | Battery Charger 7 100.8 . 4775 3.266 L3034 3.653
14 | Electrical Integration Assembly 10 2.0 L5127 3.317 . 3415 3,742
15 | Transfer Assembly 2 8%.0 . 5760 3.416 L4123 3,909
16 | DSS Electronics 3 52.0 . 6094 3,468 L4512 3.997
17 | Rate Gyros Set (3 gyros) 3 60.0 . 6503 3,529 .5010 4,105
18 | PCM Encoder 3 60.0 L6501 3.588 .5510 4,208
19 | Thruster Modules 5 57,0 L7296 3,644 . 6025 4,311
20 | Read Only Memory 3 1.0 L7300 3.645 . 6028 4.312
21 | CMG Electronics 6 172.0 L8123 3.756 L7166 4,522
22 | Remote Decoder 14 8,0 .B162 3.761 L7222 4,531
23 | Format Generator 3 40,0 .B323 3.783 . 7451 4,573
24 | Power Control Assembly 3 25.0¢ . 8415 3.797 L7576 4,598
25 | Regulator 6 30.0 .8516 3.8122 L7719 4,625
26 | Data Storage Control 3 30.0 . 8600 3.825 L7831 4.647
27 | Cakling Conversion Set 3 2.0 . 8601 3.826 . 7832 4.649
28 | Processor/Computer 5 99.0 . 8884 3,860 . 8264 4.718
29 | Clock 2 26.0 . 8955 3,869 . 8370 4. 736
30 | Memory 4 20.0 . 9003 1.876 . 8439 4,749




12
13
14
15
16
17
18
19

20

Table 6-5.

Name

Digital Sun Sensor

Fixed Head Star
Tracker

Batteries

Control Power Unit
Chargers

Tape Recorders
Electrical Integ Assy
Transponder¥

Wide Angle Sun Sen-
sor Elect

CMG and Elect

Wide Angle Sun
Sensor

PSK Demodulation
Multiplexer
Format Gen
Regulator

Digital Process
Command Memory
FPMC Encoder

Digital Sun Sensor
Elect

Command Process

Reduced Reliability

No. Changed Cum No. Rel
From To AW AW (1 yr)
1 0.75 0.75 0.9237
3 23.75 23 0.8977
6 5 79.75 56 0.8367
2 1 95. 75 16 0.809%4
& 5 109.75 14 0.7771
4 3 124.75 15 0.7218
10 9 126. 75 1. 0.7125
2 1 149. 55 93.3 0.6293
3 2 150. 55 1 0.6256
4 3 166.75 16.2 0.5712
3 2 167.75 1 0.5678
2 1 169. 75 2 0.5591
2 1 171.75 2 0.5481
2 1 175.75 4 0.525
4 3 183.75 8 0.4798
3 2 203.75 20 0.3685
2 1 209.75 6 0.3355
2 1 213.75 4 0.3114
2 1 215.75 2 0.2899
2 1 217.75 2 0.2670

"2 receivers and 1 transmitter (each)
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In the extended life case the life limited items were examined to determine
the reason for the limitation and to develop methods of eliminating or reducing
the limits. The results of this examination are summarized in Table 6-6 and

indicate that the life limited item can be extended to four and five years.

In certain areas, redundancy is difficult to implement. This study did not
attempt to investigate the technical feasibility of attaining the level of
redundancies, i.e., gyro operational laws for four gyros are available but no

fully satisfactory methods have been found for five or more gyros.

6.3.5 Weight Estimate

The weight estimates for the HEAO-C, shown in Table 6-7, were develloped
from the expendable weights in Ref. 6-1. The weights for the modified base-
line configuration were estimated to reflect the conceptual design changes
required to adapt the expendable HEAO-C to the orbiter as reusable HEAO-C.

These changes are:

{1) Add docking mechanism and hard points for deployment
and retrieval.

(2) Delete orbit adjust stage.
{3) Add standard pallet for payload stowage.
(4) Retract sunshade for configuration B.

The major changes for the external docking configuration (C&E), which

includes nose docking and tilt table docking, are:

(1) Add docking mechanism and hard points for deployment
and retrieval.

{2) Delete orbit adjust stage.

(3} Add simple payload supports for stowage.
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Table 6-6. Lifie Limited Items

Life Liimited Itemn

Reason

Methods of Eliminating
Reducing

10

11

12

13

RCS thrusters
Fuel tank bladder

Tape recorders

Batteries

Solar cells

Gas (expendables)

Counter gases¥*

Liquid helium*
(if required)

X-ray optics*

Proportional
cdunters

Detectors=

Thin windows#

Moving parts*
(bearing, turret,
etc.)

Not space qualified
even for two years

Not space qualified
even for two years

Wearout

Sized for two years

Sized for two years

Sized for two years

Sized for two years

l-year supply

Deterioration with
evaporation

Disposition on
wires

Color centers fade
with light; lower
sensitivity in latter
stages of mission

May becomebrittle
electron bombard-
ment

Wear

No problem anticipated

Correct materials must be
selected!

40,000 hr possible at pres-
ent cycle rate; extra record-
ers could be added if
required

Extra dormant batteries
could be added, as required

No problem, add more cells

Add more gas or go to
magnetic control

Add more gases

These experiments will be
completed in first year

Close temperature control,
high quality of gases (some
degradation possible)

Close temperature control,
high quality of gases (some
degradation possible)

Plan critical experiments
early

Plan critical experiments
early

Redesign problem since no
close tolerances required
(i.e., bearing noise should
not be a problem)

*Experiment area (from discussions with Dr. A.B.C. Walker)
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Table 6-7., HEAO-C Weight Estimates, Design Configuration Variation
Configuration Al/B F
Baseline Modified C/E D Cargo Bay
Expendable Baseline Ext Dock Man-Tended Docking
Subsystem kg (1b) kg (It} ke {16) kg {1b) kg {th)
Structure 1797 (3,961) 1865 {4,111) 3271 {7,212) 4208 (9,278} 2648 (5,837)
Basic 620 (1,367 620 {1,3e7) 620 {1,367) 620 {1,367) 620 (1,367)
Equipment Section (@) {0) 535 (1, 180) 829 {1, 829) (3)
Meteorite Protection {0) {0}y (0} 506 (1,115} ()
Telemetry Supports 888 (1, 958) 888 (1,958) BBB (1,958) 888 {1,958} 888 {1,958)
Module Supports# (0 0y | 531 | (1,170y=| 531 | (1,170)%| 531 {1, 170)%
ACS Structure 170 (374) 170 {374) 533 (1,175)% | 607 (1,339)%| 490 (1, 080)=%
Adapter 96 (212) 96 (212) 96 212} 96 (212} 96 (212}
Docking Mechanism (2) 45 (100) 45 (100} 108 (238) (D)
Sun Shade 23 (50) 45 {10ay [ . 23 {50} 23 {50} 23 {50)
Environmental Control 229 (505} 229 (505) 229 (505) 359 (791) 229 {505)
Equipment 229 {505) 229 (505) 229 {505) 229 {505} 229 {505)
Manned (0) (0) (0} 130 (286) {0)
Guidance and Navigation 396 (872) 396 (872) 396 (872) 396 (872) 396 (B72)
Propulsion Apogee Motor 948 (2,089 (0} {0} (0} {0)
Attitude Control 479 {1,055} 479 (1,055) 592 (1,305) 675 {1,488) 544 {1,199}
Propellant 385 {848} 385 (848) 476 {1,049 543 (1,196} 437 {Q64)
Inerts 94 (207} 94 (207) | 116 {256y | 132 (292) 107 (235)
Telemetry & Command 81 (178) 81 (178} 8l (178) 81 {178) 81 (178)
Electrical Power 445 (981) 445 (981} 445 (981) 445 (981) 445 (981}
Mission Equipment 3255 (7,175) 3255 (7, 175) 3255 {7,175} 3255 (7,175) 3255 {(7,175)
Payload Weight 7628 {16,816) 6748 (14,877) 8268 (18,228) 9418 (20, 763) 7596 (16, 747)
Pallet (0) | 1242 (2,738) (0 {0) (0)
Payload Bay Supports {0} (0} 413 {(911) 471 {1,038) 380 (B37)
Tilt Table 113 (250)
Total Weight 7628 (16,816} 7990 (17,615} 8795 {19,389) 9889 (21,801) 7976 {17, 584)

#*includes modularization




(4) Add large cylindrical spacecraft structure to house the
subsystem equipment and to provide adequate internal
room for IVA access to mission equipment.

(5) Modularize the relocated subsystem equipment into
modular drawers for manipulator handling.

{6) Add propellants to maintain the same attitude control
velocity.

The cargo bay docking configuration {F) has the same estimated weight as the
external docking concepts except that the docking mechanism and the large
cylindrical structure are eliminated. These features were eliminated to

provide unidirectional access to the modules while positioned in the cargo bay.

The man-tended configuration requires additional hardware to permit module
remove and replace in a shirtsleeve IVA environment., Such hardware
includes a habitable module to accommodate the subsystem equipments and
work area, crew and module transferable docking mechanism, and crew
atmosphere. Environmental control was assumed to be provided by the
orbiter through the hatch opening. The modularity weights were assumed to
be the same even though the man-tended modules would be less complex than
the remote refurbishment techniques because the equipment need not be as
encapsulated. The weight of the 4, 6-m (15-ft) diam x 1. 8-m (6-ft) long
habitable module was based on the unit weight factors described in section
4,3.7. As expected, the man-tended version has the largest total weight,

9, 886 kg (21, 800 1b), which is within the orbiter/payload center-of-gravity

limits,

The weight estimate for design life variation is shown in Table 6-8 for one,
four, and five years. The structural configuration used in these estimates is
the baseline configuration. The subsystem weights were based on the equip-

ment list to be found in section 6. 3. 4, above,
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Table 6-8. HEAO-C Weight Estimates, Design Life Variation, Configuration A/B

Configuration i-yr life 2-yr life 4-yr life 5-yr life
Subsystem kg Wt (lb) | kg Wt (Ib) kg Wt (1b) kg Wt (b}
Structure 1808 | (3,986)11865| (4,111)|2023| (4,460)| 2103 (4,637)
Basic 620 | (1,367)| 620| (1,367)) 620| (1,367)| 620 (1,367)
Supports 888 (1,958)| 888 (1,958)| 888| (1,958)| 888| (1,958)
ACS Str., (0.354 x ACS) 113 {(249)| 170 (374) 1 328 {723)| 408 (900)
Sun Shade 45 {100} 45 (100) 45 (100} 45 (100)
Adapter 45 (100)| 45 (100) | 45 (100)| 45 (100)
Docking Mechanism 96 (212) 96 (212) 96 (212) 96 (212)
Environment Control 229 (505} 229 (505)| 229 (505)| 229 (505)
Guidance and Navigation 385 (848) | 396 (872) | 416 (917)| 416 (917)
Apogee Motor - - - - - - - -
Attitude Control 255 (562) { 479 (1,055) | 926 (2,041)|1154| (2,543)
Propellant 192 (424)| 385 (848) | 769 (1,696)| 962 (2,120)
Inerts 31 {69) 31 (69) 31 (69) 35 (78)
Tank (0.163 x Wp) 31 (69) 63 (138) | 125 (276)| 157 (345)
Telemetry and Communications 64 (140) 81 {(178) | 105 (23| 107 {236)
Electrical 405 (892) | 445 (981) | 457! (1,007)| 457 (1,007)
Mission Equiprhent 3255 | (7,175) (3255 | (7,175) 3255 (7,175)|3255] (7,175)
Payload Weight 6399 |(14,108) 16748 [(14,877) [ 7410 (16,336)|3255|(17, 020)
Pallet 1242 1 (2,738) (1242 ) (2,738)|1242| (2,738)|1242 | (2,738)
Total Weight 7641 1(16,846) [7990 |(17,615) {8652 | (19,074)| 8962 1(19,758)




6.4 OPERATIONS

The operational concepts for the various configurations were briefly examined
and compared in order to operationally rank the designs. They are grouped
into interface, ground operations, and on-orbit operations. Those areas that
were considered equal in each design concept were not included, i.e., EMI
has equal task complexity for all configurations. The areas considered were
based on those areas which have operational differences between design con-

cepts.

In performing this evaluation several assumptions concerning the orbiter

capability were made, including:

(1) The manipulator is capable of deploying a payload the size
of HEAQ (9,070 kg/20, 000 1b) from the cargo bay and
redocking to a docking mechanism, or holding the payload
in space to the orbiter stabilization capability.

(2) The manipulator has sufficient dexterity to remotely
remove 22 to 18l-kg (50 to 400-1b) modules and replace
them without damage to spacecraft or module,

(3) The manipulator can remotely operate manually operable
knobs and levers.

(4) Standard payload checkout set can duplicate the ground
system test automatically and isolate the failure.

The ranking in each area was performed by assigning (+) = 1 (advantageous),
(0) = 0 (neutral), or (-) = -1 (disadvantageous). The assignment of these
values was relative in that it was a comparison of concepts. It was not based
on current expendable launch approaches. The selected areas and assigned
values are listed in Table 6-9. There was no weighting applied to account for

some areas having greater economic or design impact.
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Table 6-9,

HEAQ-C Operations Assessment

A/B C E F D
Area Maodified Nose Tilt Table Cargo Bay Man-Tended
Baseline Docking Docking Docking Nose Docking
Interface
Stowape hardware (0} St'd pallet (+) P/L provided (+) P/L provided (+} P/L provided (+) P/L provided
Umbilicals (+) One fixed (-) Two fixed {(0) One deploy (+} One fixed (=) Two fixed
Docking mechanism | (+} None (0) One (0) One {+} None [-) Crew trans
Deployment {+} Manipulator (+) Manipulator (-) Tilt table {+} Manipulator (+) Manipulator
mechanism

Cargo volume use

Subtotal

{+) Good use

4

(-) Lg P/L + Spare

4]

(-) L.g P/L + Spare

-1

(-) Waste space

3

{(-) Lg P/L

-1

Ground QOperations
Ground testing
Deployment tests
Post-mate access

Subtotal

{0) Nen-modular
(+} None required
(-} No access

0

(0) Special tool
(-) Not possible
(0) Partial access

-1

(0) Special tool
(0) Tilt table
(0) Partial access

0

(+) Accessible
(+} None required
{+} Acceseible

3

(@) Special tool
(-) Not possible
(+) Accessible

0

On-orbit Operations
Test preparation
Manipulator ops
Pre-deployment

(+} Cargo bay
(+1 Deploy
{-) No apace view

(-) Transfer & umb
(-) Deploy & refurb
(+) Space view

(0) Erect
(3) Refurbishment
(+) Space view

{(+) Cargo bay
(-} Deploy & refurb
{-} No space view

(-) Transfer & umb
(+) Deploy
(+) Space view

C/O
Qperator view for (Q) No refurb (-) Partial view (0) Close but (+} Close in (¢) None required
refurbishment partial
Deploy extendables (-) In cargo bay (+) Manip deploy (+) Manip deploy {(-) In cargo bay (+) Manip deploy
Refurbishment (+) Ground (-} Remote {-) Remote {-) Remote {0) Shirtsleeves IVA
method
Backup repair (+) Ground (0y EVA (0) EVA (+) IVA (+) IVA
mode
Unplanned repair (+) Ground (-} EVA (-] EVA (0) IVA {0) IVA
Subtotal 3 -3 0 -1 3
Total 7 -4 -1 5 2

Naote: (+)=1, (0)=10, (-)= -1




The interface area considered only the mechanical aspects, since power, data
rates, communication, etc., were assumed to be the same for all concepts,
The summation of the interface values indicate that the modified baseline and
cargo bay docking have the cleanest interface. In the ground operations area
the cargo bay docking is favored because of the good accessibility provided by
the unidirectional access modules. For on-orbit service, the modified
baseline and the man-tended operations appear to be the desirable concepts.
The modified baseline is good because of the simple deployment operation.
The man-tended method is desirable since the shirtsleeve IVA permits per-
formance of many of the operational functions, and the manipulator is limited

to payload deployment and deployment of extendables.
6.5 SUMMARY

Three conceptual designs for refurbishing the HEAO-C were developed in the
cost tradeoff study. The ground refurbishment required satellite modifica-
tions to provide compatibility with the cargo bay, deployment, and retrieval
interfaces. The on-orbit servicing by remote manipulator and man-tended
methods required, in addition to the ground refurbishment requirement,
designs compatible with the orbiter manipulator arms and shirtsleeve IVA

approach to removing and replacing modules.

These concepts were then functionally examined for interface, ground

operations, and on-orbit operations.

By assuming equal merit for the three groups, the modified baseline and

cargo bay docking are the desirable operational approach. If, however, the
on-orbit operation is given more importance, the man-tended version should
be included as a candidate concept for further evaluation. The nose docking

concept should not be given further consideration.

The feasibility of on-orbit servicing by remote manipulator is dependent on
the capability of the orbiter manipulator arms to provide servicing operations.

It is therefore recommended that NASA include in the orbiter manipulation
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requirements that they have the capability to remove and replace modules and
operate knobs and levers. It is also recommended that NASA follow through
with HEAQ-C spacecraft design/cost study efforts on a two-year life HEAQO-C
spacecraft by modifying the HEAC-B spacecraft design for Shuttle compatibility,
retrieval, and HEAQO-C experiments. Emphasis should be on experiment
integration, experiment service on-orbit, adaptation of the HEAQO-A&B
experiment and spacecraft structure to HEAO-C, and reliability of the mission

equipment,
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7. COST ANALYSIS

7.1 INTRODUCTION

Cost analyses were performed for the following three payload programs:

. Sclar Cbservatory Program with Shuttle Sortie

Systern Demonstration Program consisting of
Tracking and Data Relay Satellite and System
Test Satellite

] Observatory Program consisting of High Energy
Astronomical Observatory Satellite

The analysis involved preparation of inputs, and generation of costs estimates
and cost comparisons to display tradeoffs. Results of the tradeoffs were
used to select low life cycle cost design and operational approaches, and to

assist in developing program concepts.

Basic procedures used in developing relative cost values were (1) prepara-
tion of payload design data for cost analysis, (2} definition of program
concepts, (3) determination of program schedules, and (4) operation of the
payload cost model, Preparation of payload design data involves weight and
subsystem characteristics information. Program concepts involve the type
of program, payload characteristics, and operational mode variations
required for the trade studies. Capture analysis established the schedules
for each payload launch vehicle type assigned. Schedules included those
for launch, retrieve, refurbish, maintenance, and redesign., In order

to reduce launch costs the payload mission model was searched for payloads
which can share the trip. The costing tool used to provide cost estimates

is Aerospace's Payload Cost Model (PALCM). Cost information provided by
the model consists of program direct costs, which are the sum of the
payload program and the direct launch costs. The payload program costs
are broken out into phases for RDT&E, Investment, and Operations, and

are presented in summary form as well as spread into yearly values.



Payload costs are comprised of the contributions from the spacecraft and

the mission equipment. Included in the spacecraft are these subsystems:

{1) Structures
(2) Electrical power
(3) Tracking and command

(4) Stability and control
(5} Propulsion

Estimates of basic RDT&E and unit cost are provided for each subsystem.
Adjustments to these values can be made because of inheritance of develop-
ment from prior programs, redundancy effects on cost, and low cost design
factors. Based on quantities required for the total program, unit cost
values are summed to obtain the total investment cost. Refurbishment is

an operations cost and is determined from the refurbishment cost factors
developed by LMSC. Values used for this study range from 32 to 39 percent
of the unit cost. Annual expenditures are obtained by spreading each cost
element according to the following ground rules; (1) RDT&E over four
years, {2) investment-unit over three years, (3} refurbishment over two

years, and {4) operations over two years.
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7.2 SOLAR OBSERVATORY PROGRAM COST ANALYSIS

7.2.1 Summary

The sclar observatory program was used to study and evaluate the sortie
mode of operation. A total program approach was taken in which the mission
objectives were met by different program concepts. Each concept involved
several configuration elements. In these concepts the Shuttle-sortie 7-day
mission was studied both in programmed sequence with a free flyer, and

as an alternative to a free flyer solar observatory. In addition, an automated

payload {OSO) was used to supplement the sortie mode.

The cost analysis was conducted on a program level rather than on a single
flight basis. In order to synthesize a program, two tradeoffs were made
involviﬁg (1) a2 sortie configuration selection, and {2) a sortie and free flyer
comparison. Involved in the final tradeoffs were the evaluation of eight
sortie configurations - four large solar observatories (LSO) and four
austere solar observatories (ASO). The LSO instrument group features

a 1.5-m photoheliograph and the ASO instrument group features a 1.0-m
photoheliograph. One configuration from each concept was selected for the

program level approach.

Recommendations for selection of candidate concepts were based on technical
and relative cost considerations. Technical considerations included relative
mission effectiveness of each configuration. Mission effectiveness was
evaluated first on the ability to meet mission equipment requirements,
second on the flexibility to deploy the payload and conduct the mission with
minimum interference from other missions being conducted by the Shuttle,
and third on man-tending to make adjustments to the mission equipment.

Cost considerations include relative program costs as well as other cost
sensitive characteristics. Examples are Shuttle payload bay occupancy

sharing potential with other payloads, potential for using Shuttle subsystems
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for support, and use of non-Shuttle peculiar equipment such as a general

purpose lab.

The results of the cost analysis indicated the visibility into budgetary
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for making configuration selections and for synthesis of a preferred pro-
gram. For instance, the results indicate the competitiveness of the sortie
mode as a potential for low cost space operations. The 7-day mission has
additional potential for cost reduction. The equipment on board need to be
dependable for only the 7 days between opportunities for major repairs.
Minor repairs can be made on-orbit. The effects on costs should be
analyzed. A significant cost driver on the solar observatory program was
the mission equipment requirements for resolution and pointing accuracy.
With less stringent equipment requirements the savings with the sortie mode

could be maximized,.

The analysis showed that the step development approach, as depicted in
Case II, is estimated to cost more than the normal development, without
benefit of the sortie preceding the development of the free flyer. Thus the
use of sortie in this case as the first step in a 2-step process is not

recommended for lowest cost,

7.2.1.1 Lower Cost Configuration Selection

Payload program costs for all the sortie configurations are displayed in
Table 7-1. For comparison purposes costs were estimated for payload
programs with one production unit. Brief descriptive comments are pro-
vided to identify each configuration to indicate basic characteristics. The
costs shown are only for the payload-peculiar items and do not include the
additional costs required for the teleoperator development, investment,
or operations with configuration D, and the General Purpose Lab (GPL)}

development or investment with configurations G and H.
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Table 7-1.

Cost Comparison of Sortie Configurations

(Millions of 1971 Dollars)

Cost for One Payload

Configuration RDT&E | Invest | OPS Total Comments
A 127 66 4 197 hard-mated to Shuttle
B 152 79 5 236 gimbaled and torqued with Shuttle
LSO
C 167 83 5 255 tethered free flyer uses Shuttle
support
188 98 6 292 free flyer with teleoperator
B8 37 2 127 non-deployed, unmanned
F 86 38 2 126 deployed, man-tended
ASO
86 36 2 124 deployed, man-tended, inside GPL
87 39 3 129 deployed, man-tended, attached
to GPL




The cost trend for the LSO group in going from configurations A to D reflects
an increase in design complexity and mission pointing accuracy capability.

In contrast, the ASO configurations are very similar in costs because the
mission equipment and capabilities are similar. Selection of preferred con-
figurations in both the LSO and ASO groups requires technical evaluation of

the mission capabilities.

In the LSO group, configurations C and D are the only contenders which can
provide the platform pointing accuracy required by the mission equipment.
With CMG gyros in the observatory and high flexibility both configurations
can be accurately controlled. In terms of mission effectiveness D is slightly
better than C because it is a free flyer with complete freedom from inter-
ference; G however, does perform adequately. In terms of costs C is lower
than D because it takes advantage of the Shuttle for subsystem support
through the tether. Configuration D has a further disadvantage in that there
are additional costs and operating complexities associated with the tele-
operator, which is assumed to be provided., Based on lower program costs
(by nearly 15 percent), lower risk, and nearly equal effectiveness configura-

tion C is selected as the lower cost candidate for the LSO group.

In the ASO group, configuration F is selected as the most effective for the
same cost. It is man-tended, which is desirable for experiment and support
adjustment, repair, or data recovery, has high deployment flexibility in
order to ensure mission conduct with minimum interference, and occupies
a smaller volume and therefore has a higher occupancy sharing potential
with other payloads. Furthermore, it is not burdened with the costs and
restrictions associated with sharing a general purpose lab (GPL) such as
configurations G and H. The use of the GPL requires modification costs
which are of the same magnitude as those encountered in developing a sortie
can. The net present value (NPV) cost estimate data displayed in Table 7-3
show that the NPV rankings are the same as the total program costs for

these programs.
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Cost drivers in the designs are the requirements for pointing accuracy,

the self-sufficiency from Shuttle support, and the performance capability

of the mission equipment. Table 7-2 shows the cost impact of pointing
accuracy capability among the LSO configurations. In order to increase the
pointing accuracy from 5 arc sec as provided by configuration A in the
Shuttle to 1 arc sec as provided by configuration C requires a 30-percent
increase in the basic satellite RDT&E and investment cost. A comparison
of configurations B and F shows the impact of mission equipment performance
at a constant pointing accuracy capability. The austere equipment reduces
basic satellite RDT&E and investment costs by over 50 percent. Another
impact is the cost savings obtained by using the Shuttle for subsystem
support. A comparison of configurations C and D shows the impact to be a

13-percent reduction on basic satellite RDT&E and investment costs.

7.2,1.2 Solar Observatory Program Comparisons

Four approaches to a solar observatory program were developed and com-
pared to evaluate the sortie mode of operations. The four cases consist of
combinations of sorties/LSO, sortie/ASO, free flyers, and OSO configura-
tions compared with a dedicated free flyer. The four programs are each
rated as having satisfactory content for the solar scientific community.
Total program costs are shown in Table 7-3 for the four cases considered,
The program life is 12 years with the first launch scheduled in 1979 and
the last launch in 1990, All cases using a sortie (Cases I, II, and IV)
include an automated orbiting solar observatory (OSO)} satellite. The free
flyer LSO (Case III) does not use the OSO., The cases are further described

in section 4 of this Volume,

The differences in the cases are the schedules for each configuration. Case
[ used the LSO sortie C throughout the program life. Case Il starts with

the LSO sortie C for the first three operational years of the program, and
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Table 7-2. Impact of Sortie Characteristics on Costs

Basic RDT&E + Invest, Cost

Mission Shuttle $M
Sortie Pointing Accuracy Equip Type Support
Configurations | Regqts., arc sec |{lens diameter) |Provided Mission Equip Satellite
Large
A 5 (1.5 m) Yes 67 165
2 (1.5 m) Yes 67 200
LSO
| {1.5 m) Yes 67 220
1 (1.5 m) No 67 252
Austere
ASO ¥ 10 (1.0 m) Yes 41 102
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Table 7-3.

Program Direct Cost Summary - Direct Program Costs
(Millions of 1971 Dollars)

SOLAR OBSERVATORY CASE
SPACE TRANSPORTATION SYSTEM NET
PAYLOAD  LNCH VEW PROGRAM  PRESENT
TOTAL OIREGT otrect varue (1)

SOLAR OBSERVATORY PROGRAMS

CASE I (SORTIE LSO, AUTOMATZD 0SO)

LS0 SORTIc C 437, 100. 537.
030 204, 32, 236,
SUBTOTAL Blhl, 132. 773. 350.
CASE TI (SORTIZ L350, ON=-ORA MNT LSO, 0S5O}
LSO SORTIE C 294, b2, 336
LS0 ON=QRB MNT - FREE FLYER 503, SBe 558.
Q50 117, ii. 128,
SUBTOTAL 911. 111. 1022, 507,
GASE LII (ON-03B ¥AINT L50)
LSO ON=0RS MNT - FREE FLYER 682, a5, 777
sSyartoTaL 6824 95. 777, 374,
CASE Iv (AUSTERE LS50y ON-ORB MNT L30,0S0}
ASO SORTIE F 183. Ta. 257,
LSO -OGN=0R3 MNT - FREE FLYER 399, 32. 431,
G50 153. 21 180,
suaToTAL This 127, 868, 195,

(1) INFINITE HORIZON AT 10% DISCOUNT



then phases into the free flyer LSO in the fourth operational year. The
automated OSO is discontinued after three operational years. Case 1

uses the free flyer LSO throughout the program life, Case IV starts with
the ASO sortie F for the first nine operational years of the program., In
the eighth operational year of the prograin, ihe iree flyer 130 is introduced

and the automated OSSO is discontinued.

Cases I and IIT are similar in magnitude of costs and the lowest in total
program cost. Both contain the fewest number of major developments
which keeps the costs lower. Case IV ranks next in cost and Case II is the
highest. Annual funding levels shown in Table 7-4 indicate that Case I has
lower initial costs than Case III. In terms of NPV for the total program,
Case I costs $350 million against $374 million for Case III. The values
are for an infinite horizon at 10-percent discount. Thus, on a relative
cost basis the LSO sortie program of Case I is competitive if not slightly
better than the free flyer program of Case III. The program requiring the
least funding in the initial years is Case IV with the austere solar observa-
tory program. These results on the sortie program comparisons are

summarized in Table 7=5.

7.2.1.3 Low Cost Potential of Sortie Mode

The cost estimates for the sortie program used the simple design charac-
teristics of each sortie configuration as provided by the designers. Emphasis
was placed on using a valid low cost approach without resorting to low cost
(big dumb payload) factors in the payload model calculations. High com-
plexity mission equipment of the sensor type was reduced to low complexity
equipment through the use of low cost optics, relaxed thermal control
requirements, and low cost structural materials. Power system develop-
ment costs were reduced where power was drawn from the Shuttle. Costs

for the CMGs and the environmental control were reduced by considering

them similar to structures.
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Table 7-4.

Program Direct Cost Summary - Direct Program Costs

LSO Case - Space Transportation System (Millions of 1971 Dollars)

1975 1976 1977 1978 1979
SOLAR OBSERVATORY PROGREA4S
CASE I (SORTIE LSO, AUTOMATED 050)
LSO SORTIE C U 21. 192, 112. 65,
as0 s Ge Joe 24. 49,
SU3TOTAL b 21, 92+ 138. 111G
CASE II (SORTIE LSO, ON=DRB MNT LS50, 0S
LSO SO0RTIE C Oe 20« 93 112 65,
LS50 FREE FLYER 2a ge 3 Ce 24,
050 Je 0. Jds  24%s 50
suaTOoTAL O« 2¢e 93¢ 136, 139,
CASE III <QN-GRB MAINT LSO}
LSO FREE FLYER 9. 28. 129, 153. 69,
SUBTOTAL U« 28s 129 153, &9,
GASE IV (AUSTERE LSO, ON=-0RB MNT LS0,050)
ASO SORTIE F O 10. w8, 94, 39,
LE0 FREE FLYER 0. [+ Oe O O«
030 Qe Je Gs 25, 49,
SUBTOTAL 9 1d. 4B8. 79, BB,

o}

1980

b
29
63,

3G
117,
29,
17E,

20
26

25,

Ca
29,
S,

1981 1982
36 26
3. 17,
49, 43
16, 0.

141+ 656,
13 12,

170. &8,
23, 30,
23, 30,
2be 17,

0. O
13, 17.
37, 34,

1983

14,
17,
3%,

69,
69,

i1.
29,
16,
3-8

1984 1985
17 34,
15, Be
32. 40.

0. 2.
14. 30,
0. U
1. 3.
59. 10,
59, 10.
8. B

127« 150,
15' 6.

150+ 164,

1386

27
16.
43,

Je
70.
Ge
73,

14,
14,

61,
1G.
7T

1987

17,
17.
34,

1988

13,
15-
28.

72,
72,

0.
16,

16,

1939 1999
13, 12.
6' 12.
19. 2u.
0. 0.
11 14,
O 0.
11. 14,
59, 12.
53+ 12
Ge I
15%. 16,
O D.
15, 16,

1991

0.
Ge
G

9.
Qe
0.

0.

0.
0.
G,
GI

1992

0.
e

Ga
Qe
Ge
Qs



Table 7-5. Conclusions of Solar Observatory Program Cost Comparisons

. TOTAL PROGRAM COSTS

Lowest Cost
Cases I and III - both are similar in magnitude

Involves least number of development programs

Highest Cost
- Case II
Includes three major development programs

* ANNUAL FUNDING CONSIDERATIONS

Case I vs Case III
Case I funding level slightly lower for first three years

- Case I has lowest net present value
Case IV has overall lowest funding in early years
— Delayed scheduling for free flyer

Funding peaks delayed to 1984-1985 period

2r=L

PRELIMINARY GUIDELINE IMPLICATIONS

Tradeoffs of conceptual designs should be conducted on the basis of total
program costs, e.g., this LSO analysis verifies competitiveness of sortie

mode
For missions with less stringent pointing requirements the sortie mode
should decrease costs

Number of major developments is a cost driver



Because of the sortie mode of operations and the 7-day on-orbit mission
further cost savings should be realized owing to reduced design life require-
ments, testing, simple designs, etc. Examples of potential cost reductions

that should be considered in later studies are discussed below.

The structure can be designed for fabrication in a simple shape. It is not
necessary to use expensive materials or fabrication techniques. In the two
designs selected, LS5O sortie C and ASO sortie F, the electrical power
system could include simple power cables that tap into the Shuttle's electrical
power system. The tracking and command subsystem might be a simple
data storage bank compatible with the Shuttle's tracking, command, and
communication subsystem. Simple low cost tape recorders can be used to
collect data. The stability and control and mission equipment are governed
by the requirements of the solar observatory, but need to operate for only
seven days with high reliability. In cases where the sortie is man-tended
the usefulness of man should be fully exploited by reducing the amount of

automated equipment.

7.2.2 Configuration Selection
7.2.2.1 Configuration Characteristics

Eight sortie configurations designed to fly the solar observatory mission for
seven days were evaluated in the configuration selection. Four were LSO
and four were ASO sorties. The LSO sortie configurations are designated
as sortie A, B, C, and D. All LS50 sortie modules carried 4, 909 kg

(10, 825 1b) of mission equipment and were unmanned and unpressurized.
The ASO sortie configurations are designated as sortie E, ¥, G, and H.

All ASO sortie modules carried 1,619 kg (3, 570 1b) of mission equipment
and can be unmanned or man-tended. The characteristics of the eight

gsorties are shown in Table 7-6,
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Table 7-6. LSO Sortie - 7-day Mission Low Earth

LSO ASO

Unmanned and Unpressurized Pointing Accuracy 10 arc sec:

Resolution Requirements =0, larc sec |Resolution Requirement‘s =0.15arc sec

Config Description Config Description
Hard-mated Non-deployed
Rigid attach (deployable) Unmanned
A Pointing accuracy = 5 arc sec E Mission equipment
Mission equipment Weight = 1,619 kg (3,570 1b)
Weight = 4,909 kg (10, 825 1b) Length = 2,4 m (8 ft)
Length = 10.8 m (34 ft)
Gimbaled (deployable) Deployed
Pointing accuracy = 2 arc sec Man-tended
B Mission equipment F Mission equipment
Weight = 4, 909 kg (10, 825 1b) Weight = 1,619 kg (3,570 1b)
Length = 10,8 m (34 ft) Length = 3,05 m (10 ft)
Free flyer Deployed
Manipulator control Man-tended
C Pointing accuracy = 1 arc sec G In GPL
Mission equipment Mission equipment
Weight = 4, 909 kg (10, 825 1b) Weight = 1,619 kg (3,570 1b)
Length = 11. 0 m (36 {t) Length = 11,0 m (13 ft)
Free flyer Deployed
Telemetry control plus Man-tended
Teleoperator Attached to GPL
D Pointing accuracy = 1 arc sec H Mission equipment
Mission equipment Weight = 1,619 kg (3,570 1b)
Weight = 4, 909 kg (10, 825 1b) Length = 11.0 m (13 ft)
Length = 12.2 m (40 ft)
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7.2,2,2 Cost Results

The eight sortie configurations that were evaluated during the configuration
selection analysis were costed by the Aerospace Payload Cost Model. No
low cost or redundant cost factors were used for the estimates. For the
comparison cases only one RDT&E for the sortie was paid for, a buy of one

complete sortie was made, and one launch was scheduled.

In the payload cost model the payload or sortie is separated into two parts -
spacecraft and mission equipment. The spacecraft is made up of the

following subsystems:

(1) Structure

{(2) Electrical Power

(3) Tracking and Command
(4) Stability and Control
(5) Propulsion

There is no propulsion subsystem for these sorties., The mission equipment
is the solar observatory and is designated either an LSO or an ASQO. Table
7-7 presents the results of the analysis on LSO sortie A, The subsystems
are listed by narne in the first left-hand column. "Spacecraft' is indented,
since it is the sum of the subsystems listed above it. "Satellite™ is also
indented - it is the sum of "Spacecraft' and "Mission Equipment.' Also
listed in the first column are:

AGE (Aerospace Ground Equipment)

Liaunch Support

Ground Stations

Miscellaneous

SE and TD (Systems Engineering and Technical Direction)
The '"Total' is the last item listed. Under "Total' the number of designs
and re-designs for the spacecraft and the mission equipment are listed.

This indicates the number of RDT&E programs that were paid for. Also

7-15
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Table 7-7. LSO Sortie A - Payload Program Costs (Millions of 1971 Dollars}

L30 CAsE REDUNDANT PAYLOAD PROGRAM
WEISHTS COST FACTOR 3ASIC AVZ: FIRST COST ESTIMATE
SUASYSTEM DRY TOTAL OTHER INPUTS DEV PROD ROTE UNITY UNIT ROTE INVEST QPSS TOTAL

STRUCTURE 12943 12943 TYPE, £X0 1,066 14930 26«5 11.% 11.5 21, 11, Ge 32.
ELECTRICAL POMWER 393 330 WATTS, 1500, 1000 1,000 2els «b o6 2. 1. G, 3.
TRACKING,COMMAND (] G ALT, LOW OFBIT 1.0G20 1.d04 G+0 0.0 0.0 0. 0. Os 0.
STABILITY,CONTROL 10398 1040 TYPE, 3-AXIS 1000 1,000 4bstt 1047 1647 46, 17, Q. 63.
PROPULSION G ¢ TOT.INP. 0. 1.000 1.000 0.0 CeC 0.0 g, O C. 0.
SPACECRAFT 14339 14339 694 28.7 28,7 69, 9. 0. 98
MISSION EQUIPMEHTLC825 10825 GOMPLXTY, LOW 1,000 1.000 Jhe8 32.1 32.1 35. J2. G 67
SATZLLITE 25164 251664 104.1 60,8 6G.8 104%« Bl Y 165.
AGE 1.200 14.9 15, i, 0. 15.
LAUNCH SUPPORT 1.000 4.0 LTy Oe Do b o
GROUND STATIONS Qs Ga 0. Oe
MISCELLANEOUS 1. 1. 0. -
SE AND TO Te L 0. 11.
TOTAL 127+ 6B, be 197,

DESIGNS AND REDESIGNS
SPACECRAFTY 1.04
HISSION EQUIPMENT 1.00
SATELLITE SCHEDULC :
NEW (EXPENDABLC ) 1.



under the designs and re-designs is the number of satellite launches that
are scheduled. The next two columns are the weights, both dry and wet.
The fourth and fifth columns present other inputs required by the payload
cost model., The gixth and seventh columns are reserved for Low Cost

or Redundant Cost Factors, They were not used, so they were set to one.

The eighth, ninth, and tenth columns present Basic RDT&E, Average Unit,
and First Unit Cost. The average unit and the first unit cost will be the
same when only one spacecraft is purchased. If more are purchased, a
learning curve of 95 percent is used for only the spacecraft. There is no

learning assumed for the Mission Equipment.

The last four columns under Payload.Program Cost Estimates are for
RDT&E, Investment, Operations, and Total for the complete payload
program. The direct operating cost for the launch vehicle, in this case

a Shuttle, is not included, Similar payload program results for sorties B

through H are presented in Tables 7-8 through 7-14.

7.2.3 Sortie and Free Flyer Program Comparisons

The traffic model for the four solar observatory approaches as presented

in Table 7-15 illustrates the characteristics of the programs in a very con-
cise manner. All four programs provide the equivalent scientific value by
use of sorties, automated payloads (OSO), and free flyers. Scheduled flights
survey the normal solar activity while unscheduled flights are used to cover
random flights during the years of heavy solar activity, A detailed descrip-
tion of the costing procedure used in each case is provided in the following
paragraphs. These descriptions can be followed by the use of Table 7-15
along with the symbols provided on the schedules.

7.2.3.1 Program Characteristics
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Table 7-8. LSO Sortie B - Payload Program Cost (Millions of 1971 Dollars)

LS50 CASE REDUNDANT : PAYLOAD PROGRAM

HEIGHTS CGST FAGTOR BASIC AvVS  FIRSTY COST ESTIMATE
SUBSYSTEM DRY TYOTAL OTHER INPUTS DEV  PROD RDOTE UNIT UNIT ROTE INVEST OPS TOTAL

STRUCTURE 18351 18301 TYPE, EX0 1.000¢ 1.000 2341 13.6 13.6 21e Lhs Lt 35,
ELECTRIGAL POMER L4l 440 WATTS, 1500. 1,000 1,060 2els o6 1] 2e i1, 0. 3.
TRACKING,COMMAND ¢ 0 ALT, LOW ORBIT 1.006 1.0060 00 .0 0.0 0. 0. Qe G,
STABILITY,CONTROL 1605 16805 TYPE, 3=AXIS 1,080 1.400 B840 26847 2647 69. 27, Q. 95,
PROPULSION J 0 TOT.WIWP. Q. 1.000 1.000 00 G.0 a.0 0. Ge 0. 0.
SPACECRAFT 20346 20346 92.2 43e9 40,9 92. 42 G 134,
MISSION EQUIPMENT1(0825 10825 COMPLXTY, LOW 1,000 1,900 J4eB 3241 3241 3G5. 32 Ba 67,
SATELLITE 31471 31171 126,9 73.0 73.0 127, T4, D 201,
AGE 1.000 14.9 15. 0. 0. 15,
LAUNCH SUPPORT 1,060 4.6 L -] 0. B 5 53
GROUND STATIONS O« O 0. 0.
MISCELLANEQUS 1. 1, 0. 2e
SE AND TD 9. b 0. 13,
ToTAL 152. 79. Se 236,

DESIGNS AND REDESIGNS
SPACECRAFT 1.00
HISSTON-EQUIPMENT i»80
SATELLITE SGHEDULE
NEW (EXPENDABLE H 1.
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Table 7-9.

LSO Sortie C - Payload Program Cost (Millions of 1971 Dollars)

L50 GASE
WEIGHTS
SU3SYSTEH DRY TOTAL
STRUCTURE 1857t 10570
ELECTRICAL POMER %90 49(

TRACKING,COMMAND d C
STABILITY,CONTROL 1875 2056
PROPULSION G €
SPACCCRAFTY 1293% 131113
MISSION cQUIPHENTLLB25 10425
SATELLITE 23760 23935
AGE

LAUNCH SUPPORT
GROUND STATIONS
MISCELLANEOUS
SE AND TO

TOTAL

DESIGNS AND REDESISNS
SPACECRAFT
HISSION EQUIPHENT
SATELLITE SCHEDULE
NEW (EXPENDABLC

}

OTHER INPUTS

TYPE,
WATTS,
ALT,
TYPE,
TOT .IMP,

COMPLXTY,

1.00
100

1.

EXO

1500

LOW ORBIT
3-AXIS

nl

LOW

REOUNDANT
COST FACTOR
0DEV PROD
1.000 1,000
1.000 1.900
1.600 1,000
1.000 :1.080
1,000 i.000

1.000 1.000

1.000
1.000

BASIC
ROTE
2d.1
2els
0«0
85.0
0.0
107.5
k.8
142.3
14,9

AVG
UNIT
10,4

b

§.0
34,1

00
45,1
32.1
77,2

4.9

FIRST
UNIT
184
1
0.0
3.t
0.0
45.1
32.1
T7.2

49

RDTE INVEST OPS

204
24
o.

85.
g.

107.

35.

1424

15.
0«
O
1.
9.

167

PAYLOAD PROGRAM
COST ESTIMATE

10
i.
0.

34
0.

45,

32,

G
G
[
'Y
0
0.
0a
0.
0.
Se
0.
G
0.
De

TOTAL
30,
3.
0.
119.
Ge
i52.
67,
219,
15.
Se
Oe
2.
14,
255,
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Table 7-10,

LSO Sortie D - Payload

L350 CASE
WEIGHTS

SU3SYSTEM ORY TOTAL
STRUCTURE 112067 11207
ELECTRICAL POWER 1610 16812
TRACKING,COMMAND Jao 340
STABILITY,CONTROL 1950 2140
PROPULSION 0 0

SPACECRAFT 15147 15297
MISSION ENUIPMENT1L825 14825

SATELLITE 25972 2e122
AGE

LAUNCH SUPPORT
GROUND STATIONS
MISCELLANEOUS
SE AND TO

TOTAL

DESISNS AND REDESISNS
SPACECRAFT
HISSION EQUIPMENT
SATELLITE SCHEOQULE
NEW (EXPENDABLE

}

OTHER INPUTS

TYPE, EX0
WATTS, 1586,
ALT, LOW ORBIT
TYPE, 3-A%IS

TOT.IMP. (G

GOMPLXTY, LOW

1.00
1,00

Program Costs {Millions of 1971 Dollars)

REDUNDANT
COST FACTOR

DEV
1. 4300
1.000
1.000
1.000
1.000

1.000

1.000

PROD

1.000
1.000
L.000
1.0G0
1.000

L9450

Lebul

BASIC
ROTE
2.2
2ot
170
8648
¢.0
126.5
I8
161.3
1449

AVG
UNIT
i0.,7

+6
1241
35.0

0.0
58.3
32.1
93.3

5.6

FIRST
UNIT
10.7

121
35.0

0.0
58,3
321
90.3

5.6

PAYLOAD PROGRAM

TOTAL

COST ESTIMATE

ROTE INVEST OPS
20. 11, 0. 31.
- 1. [r8 3.
17. 12, D 29.
87+ 35, ds 1224
u. u. G. a.
126 59. D 185,
35. 32. De 67,
i61. 91, O 252,
15, O 0. 15.
0. 0. 6. 6,
1 e ' 0.
1. 1. u. 2'
11, Be G 7.
153' 95. 6- ZQZI
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Table 7-11. ASO Sortie E - Payload Program Cost (Millions of 1971 Dollars)

ASO CASE REOUNDANT PAYLOAD PROGRAM
WEIGHTS COST FACTOR BASIC AVG FIRST GCOST ESTIMATE
SUBSYSTEM DRY TOTAL OTHER INPUTS OEv PROD ROTE UNIT UNIT ROTE INVEST OPS TOTAL

STRUCTURE 5180 6180 TYPE, EXQ 1,000 1,000 18.8 8.1 8.1 19. B. 0. 27
ELECTRICAL POMWER 220 200 WATTS, 1560 1.G90 1.000 2et +6 ) 2. 1. G 3.
TRACKING 4 COMMAND ed 60 ALT, LOW ORBIT 1.000 1.600 a8 1.6 1.6 B 2e G. 8
STABILITY,CONTROL 205 285 TYPE, 3-AXIS 1,000 t.0400 20.1 4.8 48 20. Se 0. 25.
PROPULSION g 0 TOT..IMP, 0. 1.000 1,000 0.0 0.0 0.0 Q. G 0. 0.
SPACECRAFT 6645  B725 47.2 15.2 15.2 47« 16, 0. 63,
MISSION EQUIPMENT 3576 3570 COMPLXTY, LOM 1.0603 t.000 22.8 17.9 17.9 23. 18, O 1.
SATELLITE 10215 1029% 70.0 33.1 33.1 70. 34, 0. 104,
AGE 1.0600 11.9 12. 0. 0. 12.
LAUNCH SUPPORT 1.000 Zels 2els 0. 0. Ze 2.
GROUND STATIONS De G 0. O
HISCELLANEOQUS 1. 1. G. 2
SE- AND TD Se 2. 0. Te
TOTAL 88. 37. 2 127,

DESIGNS AND REOESISHS
SPACECRAFT 1.00
HISSION EQUIPMENT t.60
SATELLITE SCHEOULE
NEW (EXPEMDABLE ) i.
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Table 7-12. ASO Sortie F - Payload Program Cost (Millibns of 1971 Dollars)

ASO CASE REDUNDANT PAYL.UAD PROGRAH

SEIGHTS COST FACTOR BASIC AVG FIRST COST ESTIMATE

SUBSYSTEM ORY TOTAL OTHE® INPUTS DEV PROD ROTE UNIY UNIT ROTE INVEST OPS TOTAL
STRUCTURE 9625 9625 TYPE, EXQ0 1.000 1.060 19.9 10.6 10.0 20. 11 Q. 30.
ELECTRICAL POWZR 240 200 WATTS, 1560, 1.000 1.000 2els + 6 b 2 le 0. 3.
TRACKING ; COMMAN-D b6 60 ALT, LOW ORBIT 1,000 1,000 5.8 1.6 1.6 Ba e 0. B
STABILITY,CONTROL 295 205 TYPE, 3=-AXIS 1.008 1.8400 17.2 3.5 3.5 17 he G 2.
PROPULSION 7] § TOTJIMP. Qs 1,000 1.000 0.¢C 0.0 0.0 0. Je 0. Ue
SPACEGRAFT 10093 16090 45.4 15.7 15.7 45, 17, 0a 62
MISSION FQUIPHMENT 3570 3575 COMPLXTY, LOW 1.000 1.200 22.8 17,9 17.9 23. 13. O b1,
SATELLITE 13660 1366) 68,2 33.6 33.6 68, 35, 0, 103.
ASE 1,000 11.9 12, e 0. 12.
LAUNGH SUPPCRFT 1.000 245 2.% Q. fle 2. 2a
GROUND STATIONS . . 0. 0.
MISCELLANEGUS 1. le 0. 2
SE AND TD Se 2e [+ Y 7
TOTAL 86. 338. 2e 126.

DESIGNS AND REDESIGNS
SPACECRAFT 1.00
MESSION EQUIPMEINT 1.00
SATELLITE SCHEDULE
NEW (EXPENDABLE } 1.
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Table 7-13,

ASO Sortie G - Payload Program Cost (Millions of 1971 Dollars)

ASD CASE
WEIGHTS
SUBSYSTEM JRY TOTAL
STRUCTURE 6715 6715
ELECTRICAL POWER 204 2040
TRACKING,C OMMAND 14 69

STASILITY,CONTROL 235 2410

PROPULSION 0 d
SPACECRAFT 7180 7215
MISSION EQUIPMENT 3570 3570
SATELLITE 19750 10785
AGE

LAUNCH SUPPORT
GROUND STATIONS
MISCELLANEOQUS
SE AND TO

TOTAL

DZSIGNS AND REDESIGNS
SPACECRAFT
MISSION EQUIPMENT
SATELLITE SCHEQULE
NEW (EXPENDABLE

)

OTHER INPUTS

TYPE,
WATTS,
ALT,
TYPE,
TOT.IMP,

COMPLXTY,

1.90
1.00

1.

£X0

1530

LOW ORBITY
3-axIS

i

LOW

REDUNDANT
COST FACTOR

DEV
1.400
1.000
1.030
1.000
1.000

14L3G

1.000

PROD

1,006
1.0340
1.0CG
1.060
1.000

14060

1.300

BASIC
ROTE
19,0
2els
5.3
18,5
Qa0
45658
22,8
68.+6
11.9

AVG
UNIT
B
+6
1.6
4ol
G.0
14,7
17.9
3246

2et

FIRST
UNIT
Bate

1.6
LTS ]
0.0
14.7
17.9
3z.6

ROTE INVEST OPS

19,
2
B

i8.
0.

45

23.

68,

12,
0.
ba
1.
5

86 .

PAYLOAD PROGRAM

COST ESTIMATE

-
1.
2e
L
[
15.
18.
33.
B-
0.
0.
1,
2
36.

0.
0.
G
g
0.
0.
Ge
Ge
Gs
2.
0.
0.
0.
24

TOTVAL
274
3.
B
22
0.
50
41,
101.
12,
2.
0.
2e
7e
124,
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Table 7-14

ASO Sortie H - Payload Program Cost (Millions of 1971 Dollars)

ASC CASE
WEIGHTS
SUBSYSTEM DRY TOoTAL OTHER INPUTS
STRUCTURE 11870 11870 TYPE, EXO
ELECTRICAL POWER 240 200 WaATTS, 1500,
TRACKING,COMMAND 63 60 ALT, LOW ORBIT
STABILITY,CONTROL 236 2ud TYPE, 3-aX1IS
PROPULSION 0 0 TOT.IMP. 0.
SPACECRAFT 12335 12370
MISSION EQUIPMENT 3576 3570 COMPLXTY, LOHW
SATELLITE 15395 159410
AGE
LAUNCH SUPPORT
GROUND STATIONS
MISCELLANEQUS
SE AND TD
TOTAL
DESIGNS AND REDESIGNS
SPACECRAFY 1.60
- HISSION EQUIPMENT 1.00
SATELLIYE SCHEOULE
NEW (EXPENDABLE } 1.

REDUNDANT
COST FACTOR
DEV PRODO
1.000 1.000
1.000 1.000
1,000 1.000
1.00C 1.030
1.000 1.000

1,000 1.000

1.000
1.000

BASIC
RDYE
20.3
2elt
S'B
18.5%
0.0
471
2248
59.9
11.9

AVG
UNIT
11.0

I6

1.6

bal

0.0
17,3
17.9
35.2

246

FIRST
UNIT
11.0
+b
1I6
bal
Oa0
17.3
17.9
35.2

ROTE INVEST OPS3

20,
2.
6.
184
0.
e,
23.
69,
12.
Qs
O«
1.
Se
a7.

PAYLOAD PROGRAM
COST ESTIHATE

11.
1.
2I
G
0.

18

18.

36
nl
0.
0.
1.
2

39,

O
0
O
1Y
0.
0.
O
0s
0.
3.
Ce
O
Q.
3.

TOTAL

31,
3.
Be

224
0.

Bhe

41

105,

12,
3.
Ge
2e
7.

129.
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Table 7-15. Traffic Models for NASA Solar Observatory Program

Schedule, Year

No. | Program Approach Type Payload 79 80 | 81 | 82 83 84 | 85 | 86 87 88 89 | 90
I Sortie scheduled sortie (E) @ 2 2 |1 A 1 1 |1 A 1 1 2
unscheduled sortie 1 1 1 _
automated P/L (OSO)* ©) 1 /A 1 AN 1
It Sortie - Free Flyer | scheduled sortie (E) @ 2 2
{same exp pkg) unscheduled sortie 1 1
free flyer (LSQ) @
manned visits 1 1 )3 1 A 1 1 2
automated P/L (OSQ) @ 1
II | Free Flyer free flyer (LSO) Q
manned visits 1 2 2 1 1 A 1 1 1 1 A 2
IV | Sortie + Free Flyer | scheduled sortie (F) [(2) | 2 |2 |1 |/AN\| 2| 1|1 |1
(different exp pkg) unscheduled sortie 1
free flyer (LSO) ©
manned visits 1 1 1 2

automated P/L (OSO)

®

*orbiting solar observatory program in operation since 1962

Opayload R & D, A mission equipment R&D




Case [

In Case I the LSO sortie C is used throughout the entire program. Program
charges are determined in the fcllowing manner. Complete payload {space-
craft and mission equinment) R&D and unit costs for the 1.80Q gortie C are
charged initially to the prograrmn. The R&D cost is spread forward over
four years starting in 1976 and the unit cost is spread forward over three
years starting in 1977. Two more mission equipment R&Ds scheduled for
1983 and 1987 are charged to the program and spread over four years start-
ing in 1980 and 1984. Seven-day missions are flown twice in each of the
years 1979, 1980, 1981, and 1990. One seven-day mission is flown in each
of the years 1982 through 1989, An unscheduled seven-day mission is flown
in each of the years of 1979, 1980, and 1985. The ope rations costs are

spread over two years starting in the year before each launch.

An automated OSO is maintained on orbit from 1980 to 1990 by periodic
launches and refurbishments. A complete payload R&D and unit cost for
the OSO are charged initially to the program and spread over three years
starting in 1978. A new OSO is placed on order in 1982 and the investment
cost is spread over three years starting in 1980, One mission equipment
R&D is charged to the program in each of the years 1984 and 1988. The
OS50 is refurbished in each of the years 1986 and 1990.

The results of the payload program cost for the LSO sortie C and automated
OS0 are shown in Tables 7-16 and 7-17. Costs associated with the launch
schedules are provided in Tables 7-18 and 7-19 and summed to obtain the

program costs.

Case II

In Case II the LSO sortie C goes into operation in 1979 and is supported by

an automated OSO launched in 1980. The free flyer becomes operational in

7-26
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Table 7-16, LSO Sortie C - Payload Program Cost (Millions of 1971 Dollars)

SOLAR OBSERVATORY CASE L REDUNDANT PAYLOAD PROGRAM
WEIGHTS COSY FAGTOR BASIC AVG FIRST GOST eSTIMATE
SUBSYSTEM DRY TOTAL QTHER INPUTS DEv PROD RDTE UNIT UNIT ROTE INVESTY OPS TOTAL
STRUCTURE 10578 10570 TYPE, £X0 1.000 1.0040 20,1 10+4 10.% 20. 10, e 30,
ELECTRICAL POMWER 590 490 WATTS, 15006, 1,000 1,080 2els 6 b Ze 1. O, 2,
TRAGCKING,COMMAND 1] 0 ALT, LOW ORBIT 1,000 1.000 D.0 UG 0.0 0. 0. 0. 0.
STABILITY,CONTROL 1875 2050 TYPE, 3=-AXIS 1,000 1.960 B85.0 3Jbe1 3I4.1 45, 34, 0. 119,
PROPULSTION 0 0 TOT,IMP. @O, 1,600 1.0G0 0.0 0.0 0.0 0. G 0. 0.
SPACECRAFT 12935 13110 107.% 4541 45,1 107e 45, O 152,
MISSION EQUIPMENTLGR25 10825 COHMPLXTY, LOW 1.000 1.300 34,8 32.1 32.1 104e. 32, 0 136.
SATELLITE 23760 23935 142.3 77.2 T7.2 Z2ils 774+ 108 396,
AGE 1.000 14.9 15, [+ O 15.
LAUNCH SUPPORT 1,801 5.9 4,9 Ve Ja Se S
GROUNO STATIONS Ue [1 19 Oe 0.
MISCELLANEQUS ’ 1. 1. Ds F43
SE AND TOD 14, 5. (Y 14,
TOTAL 241, 683, 113, 437,
FISCAL YEAR 1979 198¢ 1981 1992 1983 1984 1985 1936 19387 1968 1989 1995 1991 TOTAL
BESISNS AND REDESISNS
SPACECRAFT 1.400 1.0
HISSION CQUIPHENT 1,430 1.00 1.60 3.0
SATELLITE SCHeDULE
NEHW (EXPENDABLE ) 1. 0. Gs [+ I 0. 0. 1 De 0. e Ga 1% 0« 1,
MAINTENANCE FLTS «150 200 1586 4100 <100 130 100 100 ~100 100 100 .1000.000C 1.4%00

FISGAL YEAR 1975 1976 1977 1978 1979 19680 1981 1982 1983 1984 1985 1986 1987 1988 1989 1390 1991 TOTAL
FUNBING
ROTE Q. 21. Ti. 58, 17. 4o 16, 13, b4, iy 16, 13. (%Y O G O« Qe FL 5N
INVESTMENT De 0, 21. 46, 16, O, O O, De 0. 0. 0s O« 0. [\ I8 0 e 83,
OPERATIONS e fre & Ba 16, 14, 10 B Ba B 8. B .Y - 1% B 1. 0. 113,

TOTAL Ge 21. 92s 112, 49. 18. 26. 21. 12. 12. 24. 21. 12. 8a 8. i. 0. 437,
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Table 7-17. OSO - Payload Program Cost (Millions of 1971 Dollars)

SOLAR OBSERVATORY CASE I LOW COST PAYLOAD PROGRAM
WEIGHTS COST FACTOR BASIC AVG FIRST COST ESTIMATE
SUDSYSTEM DRY TOTAL QTHER INPUTS DEV PROD ROTE UNIT UNIT ROTE INVEST OPS TOTAL
STRUCTURE 050 G50 TYPL, EXO 560 «590 8.9 2.0 2.0 9, b 0. 13.
ELECTRICAL POWER 350 350 WATTS, 3300, « 650 o790 4ed .9 «9 be 2a Y B
TRACKING, COMMAND 1639 160 ALT, LOW OKBIT 730 850 19.90 hel Ge2 1. - Y 0. 138.
STABILITY,CONTROL 270 420 TYPE, 3-AXIS +610 «830 19.6 5.9 5.9 20 12. LY 32,
PROPULSION 0 0 TOT.IMP. G + 850 « 750 0.8 De0 0.0 O I Ba 0.
SPAGECRAFT 133¢ 1484 42,8 12.9 12.9 43e 2E« Oe N
MISSION EQGUIPMENT S04 500 COMPLXTYs MED «B30 «+830 14,7 6.8 6.8 Giye 22 0. 66,
SATELLITE 183C 1980 57T+5 137 19.7 B87. 4B. 31, 166,
AGE « 710 : Lale . Lo 1119 G L
LAUNCH SUPPORT o740 hol el 0. Ge She 2h,
GROUND STATIONS 'l 0a 0. 8.
MISCELLANEQUS i. 1. 0« 2.
SE AND TD - T3 1. 1. 84
TOTAL 98, Sl 5Sbe 204,
FISCAL YEAR 1379 1985 1981 1982 1983 19384 1985 1986 1987 1988 19389 1994 1991 TOTAL
DESIGNS AND REDESIGNS
SPACECRAFTY 1.00 1.0
MISSION EQUIPMENT 1400 1400 1,00 3.0
SATELLITE SCHEDULE
MEW (LO COST REUSE ) Coe 1. O 1. 0. Q. 0. O Q. 0, I be De 2a
REFURS (RATE=.390) Ga O0a 0. Q. G i Q. 1. G 1. 0. 1e Qs 'Y

FISCAL YEAR 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 19490 1991 TOTAL

FUNDINS
ROTE Q. D . O 17. 36, 13. Qe G, 9. 3. 1Y Gy 9 3. O« G O 98,
INVESTHENT G» 0. 0. 7. il. 9., 11. 5a Ce 1. O 1. 2 1. Os {le O« S0
OPERATIONS - G - 0e -8 - 8¢ -2« - 2w 2e 2. - & 6. 6. 6 G Be B “Ere Qe 56

TOTAL 0. 0. Ge 24, 49. 2hs 13. 11. 17 10« Be 11 17. 10, Be €ie use 204
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Table 7-18. Solar Observatory Case I - LSO Sortie C

INDIVIDUAL PROGRAM COST BREAKDOWN MILLIONS OF 1971 DOLLARS)

LS50 SORTIE
LAUNGCHED FROM ETR

LS50 CaASE
SPAGCE TRANSPORTATION SYSTEM
SCHEOJLED QUANTITIES
LAUNCH JEHICLES

FISCAL PAYLOADS SHTL TUG TUuG
YEAR NEW REFURQ SHTL EXP
1975 G T 3.0 0.0 Gel 0.0 0.0 .0 0.0
1976 Ja Je Je3 0.0 0a€ Qo 240 D40 0.8
1377 Je Ja Js0 Gad B4l 0uD 048 Ged 040
19738 s B G0 0ol Dol Je0 Qe TG0 D9
1979 1. Je D3¢0 0s0 Bo0 0Oeld 149 G40 J.0
198C U Ge 3.0 0.0 0.0 040 1.5 0.0 0.0
1981 O . Gel Cod D0 Gal 1.0 0Csu Bl
1982 e D Jel 0.0 0.0 0,0 «5 0.0 D40
1983 Js HI Jud 0+5 Je@ DeC «5 D«0 D0
1386 ' e Jel Gad GeD 0.0 % Do0 0.0
19865 ' ds CeD Do Qo0 0s0 140 UGold DD
1986 Oa Do Je Ds0 0a0 0.0 «5 0s0 0.0
1987 B [ Qe 020 Gad Db «5 Gl 0.0
1988 Oe O« 0.0 0.0 0.0 @a0 «5 Ged 0.0
1389 O de Je0 Del0 0G40 0aC e5 0ol D0
1990 Qe Ge fell Ge8 Ja0 Oefi 1e0 040 D0ed
1991 Oe Da 0s0 Cu8 G40 Q.0 0.0 0,0 0.0
1992 U i 3.0 00 040 0.0 040 D.80 0.0
1993 Ga G Os0 Oeldl G40 DeB 0ol OCo8 0.0
1394 Ja Qe 0s0 Ge0 0«0 D0Da0 00 Ue0 0o
1995 O« 0. 0.0 0.0 0.0 0.0 Q.0 OGe0 0.0
1996 D 1 Pel Gu0 DeG 048 0.0 Co0 0.0
1397 0. Je e 0.0 040 9.0 D0 0.0 0.0

o v o U A A e sk D b W D - - ————— -

TOTAL 1s Be .0 048 048 0o 95 040 0.0

0SS~

PRO3RAM DIRECT COST

LAUNCH
PAYLOADS VEHIGLES TOTAL

O 0. Os
21. 0. 21.
92, (1 Q2.
112, O 112,
49, 16. 65.
18, 16. 34,
26, 10. 36,
21. S5e 26
12. [ i8,
12 Se i7.
24, 10, 34
21, G 27.
12, 5 17,
8. 5 13.
3. 5 13.
1. 11. tz.
O Y 0.
n' u' o.
B B -
Oe 0. 0.
d. 0. G
u. u. 0-
O, O O
537, 1440, 537
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FISCAL
YEAR

1975
1976
1377
1378
1979
1980
1981
13a2
1983
1384
1985
1986
1947
1948
1989
19490
1991
1992
1993
1994
1995
1596
1997

TOTAL

INDIVIOUAL PROGRAM COST BREAKDOWN MILLIONS OF 1971 DOLLARS)

PAYLGOADS

Table 7-19.

0so0

NEW REFURS

.

U
Je
de

ds -

[HY
1.
Ge
1.
Ge
Je
is
Oe
Q.
I
O
Je
e
Js
e
G
0.
[t
O

Ja
de
R
Je
0.
J.
0.
ul
J.
1.
O
1.
8.
1.
G
1.
0.
1+ I8
Js

N

G»
0.
O«

2

LT

0.0
el
t.0
B+3
0.3
Gad
0.9
.0
0ed
e
0.0
fel
d.0
0.0
g]
0.0
8.0
Gel
0.0
0.0
C.0
Gad
G.0

8.0

Solar Observatory Case I - OSSO

LAUNCHED FROM ETR

0.0
0.0
beC
0.0
0.0
0.8
0.6
0.0
0.6
0.0
9.0
g.0
0.0
0.0
00
0.0

0.8

LS0 CASE
SPACE TRANSPORTATION SYSTEM
SCHEDULED QUANTITIES
LAUNCH VEHIGLES

Ge 0
8.0
0.9
0.0
0u0
0«8
8ol
0.0
0.0
B»8
0.0
g.0
G.0
0.0

G0

SHTL
SHTL

el
Q.0
0.0
O.0
O«

a5
0.0

5
0.0

5
0.0

«5
Qed

+5
0+0

o5
G.0
0.0
0.1
0.0
0.6
0.8
0.0

3.9

TUG
EXP
D
DeD
6.8
DeG
J.0
De0
0.0
D.0
G0
Dl
9.0
0.0
8.0
0e0
N0
0.0
0.0
0.0
0+0
0.0
Ded
0.0

0S5

PROGRAM DIRECT COST

PAYLOADS

1%

LAUNCH
VEHICLES

B

- - -

204.

32,

2.
49,
29
13.
17,
17.
15.
6.
i6e
17
1%.
Ga
126
[
0.
Qe
De
D
.
Oe

236.



1982 and replaces the LSO sortie C. A complete payload R&D and unit costs
for the LSO sortie C are charged initially to the program. The R&D costs
are spread over four years starting in 1976 and the unit cost is spread over
three years starting in 1977. No more new developments are charged to

the program after the initial buy since the LSO sortie C goes out of service
in 1981. Seven-day missions are flown twice in each of the years 1979,
1980, and 1981 and one unscheduled seven-day mission is flown by the L350
sortie C in each of the years 1979 and 1980. These operations costs are

spread over two years starting in the year before the launch.

A complete payload R&D and unit costs for the automated OSO are charged
initially to the program with the R&D and unit costs, spread over three
years starting in 1978, In 1982 a new OSO is placed in orbit and its cost

is spread over three years starting in 1980. One automated OSO is launched
in 1980 and 1982, The cost is spread over two years starting in the year

before the launch.

The free flyer goes into operation in 1982. The spacecraft R&D unit costs
are charged to the program, but only 25 percent of the free flyer's mission
equipment R&D and a complete free flyer's mission equipment unit costs

are charged to the program since it obtains technology development data from
the LSO sortie. The R&D costs are spread over four years starting in 1979,
The unit costs are spread over three years starting in 1980. In 1987 the

free flyer's mission equipment is redesigned and the spacecraft is refurb-
ished. The free flyer is visited once each year from 1983 through 1990,

with the exceptions of 1987 and 1990 when it is visited twice yearly.

The results of the payload program cost for the LSO sortie C, the free
flyer, and the automated OSO are shown in Tables 7-20 through 7-22, The

program direct costs for Case II are shown in Tables 7-23 through 7-25.
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Table 7-20.

LSO Sortie C - Payload Program Cost (Millions of 1970 Dollars)

PAYLOAD PROGRAH
COSY ESTIMATE
ROTE INVEST OPS TOTAL

20 1. 0. E1:2%
2e le 1 3.
0. Y O 0.

85. 4. 0. 119,
Ul u. 0. D.

107. 45, e 152,
35, U2 Ge 67
142 77+ 39. 258,

15. 0. 2. 15,
L) U Se S5
u. nl 00 0-
1- 1. ol 2.
9 Se Ge 14,

167, 83, 44, 294,

1.0
1.8

O g, G 1.

1969 1990 1991 TOTAL

G de 0. 167,
O« Oe Ue 63,
: 1Y . LS

SOLAR OBSERVATORY CASE I REDUNDANT
WEIGHTS COST FACTOR BASIC AvwS FIRST
SUBSYSTEM BRY TOTAL OTHER INPUTS DEY PROD RDOTE UNIT UNIT
STRUCTURE 10570 13573 TYPE, EXO 1.000 1.000 201 10,4 10,4
ELECTRICAL POWER 490 493 WATTS, 1503, 1.000 1.000 2els ) -
TRACKING,COMMAND H] 0 ALT, LOW ORBIT 1.000 1.3C0 0.0 0.0 G0
STABILITY,CONTROL 1875 2058 TYPE, 3I=AXIE 1.000 1.300 B5.8 3be1 3Ihel
PROPULSION ] 1 TOTLIMP. U, 1.000 1.000 0.3 0.0 0.0
SPACECRAFT 12935 13110 1075 4541 45.1%
MISSION EQUIPHMENTL0B25 10825 COMPLXTY, LOW 1.000 1.040 Ju.8 32.1 3J2.1
SATELLITE 23760 23935 142.3 77.2 TP.2
AGE 1.000 14,9
LAUNCH SUPPORT . 1.00690 4.9 4.9
GROUND STATIONS
MISCELLANECUS
SE AND TD
TOTAL
FISCAL YEAR 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 TOFAL
DESIGNS AND REDESIGNS
SPACECRAFT 1.00
MISSION EQUIPMENT 1.80
SATELLITE SCHEDULE
NEW (EXPENDABLE ) 1. G Cs [V De. 0. O e [+ Ga
MAINTENANGE FLTS o150 o200 41508.0000.0000,0000,0000,0006,.0000.0000,0000,00600,0000 500
FISCAL YEAR 1975 1976 1977 1978 1979 1930 1981 1982 1983 1934 1985 19856 1947 1988
FUNDING
ROTE Qe 20. 72. 58, 17 0. 1 1 Q. 0. De 0 O '
INVESTMENT De 0 21, &6, 16 LI Da De Qe O O« 0. Oa 0.
DPERATIONS 0. [ s 3y 164 14k, Be O Qe I 0. O Ge 9
YOTAL 0., 20. 93, 112+ 9. 14, 6a 0. Qe D Os 0. G O

'Y O 0. 294,
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Table 7-21.

LSO Free Flyer - Payload Program Costs (Millions of 1971 Dollars)

SOLAR OBSERVATORY CASE II REDUNOANT PAYLOAD PROSRAM
HEISHTS COST FACTOR BASIC AVG FIRST COST ESTIMATE
SUBSYSTEM ppY TOTAL OTHER INPUTS DEY PROD RDTE UNIT UNIT RDTE INVEST OPS TOTaL
STRUCTURE 9340 3340 TYPE, EXO 1,800 1.008 19.8 9.8 9.8 ¢, 10. Je 30.
ELECTRICAL POWER 2850 2850 WATTS, 1500, 1.000 1,000 9.8 242 2.2 10, 2» 0. 12,
TRACKING,COMMAND 1130 1100 ALT, LOW ORBIT 1.000 1.030 4242 35.5 35.5 42, 35. g, 77.
STABILITY,CONTROL 1865 2065 TYPE, 3-AXIS 1.600 1.8690 85,5 Jig.h  3hey 86 Jh. 0. 120.
PROPULSION g 1 TOT.IMP, Do 1.040 1,000 0.3 0.0 .0 O« Q. O Oe
SPACECRAFT 15155 15355 157.4 B81.9 81.9 158, #81. 0. 239.
MISSION EQUIPMENT 9934 9934 COMPLXTY, LOW 1.000 1.080 33.6 30,7 30.7 42. 52. Q0. Si.
SATELLITE 25089 25239 191.0 112.6 112.6 200, 133, 108, il
AGE 1,300 21.5 22, [+ IS Qa 2Ce
LAUNCH SUPPORT 1,048 6.6 646 B 0, 13, 13,
SROUND STATIONS 0. 0. 0. Q.
MISCELLANEQUS 1. 2 0. 3.
SE AND TD 13, 7o 1. 21l
TOTAL 236s 142. 122, 500.
FISCAL YEAR 1979 1980 1981 1982 1983 1984 1985 1986 1987 1968 1989 1998 1991 TOTAL
DESIGNS AND REDESIGNS
SPACECRAFT 1.00 1.0
MISSION ERUIPMENT 25 1.00 1. 3
SATELLITE SCHEDULE
NEW (CURR REUSABLE ) Oe G O« 1. 0. 0. O ' G C. 0. 0. 0. 1.
REFURB {(RATE=,3201) s Qs 0+ . DO . 0, Ge 0. 1. O B : 0 ‘Lo
MAINTENANCE FLTS 0.0000.0000¢6G00.000 +100 4056 «40G0 .050 .100 .050 .100 .0900.0000 .&40
FESCAL YEAR 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 19586 1987 1988 1989 1998 1991 TFOTAL
FUNDING
RDTE 0. O Qs 0 24s BB. 70, 20 Oe b4a 15. 13. L 0. 0. 0. Q. 236,
INVESTHENT (133 &) G B B¢ 3t 6HTs 2hs g B 5s 11 &y B [ 1 B ' thZ.
OPERATIGNS O 0. O 0. Ge ' be Te 5. S 5. 41, 41, G 6. 3. 8. 122.
FOTAL i Y s Oa B 24s 117. 1é1s 51, Sa 9s 25, 65, 49, S B Fa 8. 588,
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Table 7-2

2., OSO - Payload Program Cost (Millions of 1971 Dollars)

SOLAR OBSERVATCORY CASE II

WE
SUBSYSTEM DRY
STRUGTURE 558

ELECTRICAL POWER 354
TRACKING, COMMAND 160
STABILITY,CONTROL 2790

PROPULSION 0
SPACECRAFT 1330
MISSION EQUIPMENT 500
SATELLITE 1830
ASE

LAUNCH SUPPORT
GROUND STATIONS
MISCELLANEOUS
SE AND TO

TOTAL

FISCAL YEAR
DESIGNS AND REDESIGNS
SPACECRAFT
MISSION EQUIPHENT
SATELLITE SCHEDULE
NEW (LO COST EXPND )

FISGAL YEAR 1975 1976
FUNDING
ROTE Be Ba
INVESTMENT B, 0«

OPERATIONS 0. Qe

TOTAL G 0.

IGHTS
TOTAL
550
350
160
“20
0
1480
500
1386

1977 1978 1979 1980 1981 1982

B
Ge
Q.

0.

OTHER INPUTS

TYPE, EXC

WATT 3, 300,

ALT, LOW ORBIT
TYPE, 3~AXIS

TOT«IMP. J.

COMPLXTY, MEQD

1979 1980 1981 1982

Ge 1a Os

17, 37. 13, 0.
Ts 11 9. 11,
0. 2e 2. 2

24s S50 24, 13.

LOW GOST
COST FAGTOR
DEV PROD
«568 4590
«656 790
2700 L850
«648 B30
+BS0 4750
630 L8310

« 710
o+ 740

1. 0.

1983
e Ga
b B
2 0.
6s Ce

1983 1984

0o
1984
0«
oD

Oe

BASIC AvVG
ROTE UNITY
8.9 2.0
4ol +9
10+ he
19486 5.9
0.0 0.
42.8 12.9
1447 Ge8
S7T.5 19.7

ol
4ol

1

b

FIR
UNI
240

«9
4e2
5.9
0.0
2.9
e 8
a7

4.0

1)
T

PAYLOAD PROGRAM
GOST ESTIMATE
ROTE INVEST OPS TOTAL

9.
4,
10.
20.
0.
43,
i5,
58.
b
0.
0.
1.
LT3
67

1965 1986 1987 1988 1989

0.
1985
0.
0.
0.

O«

1986 1987 19886

0.
0.
0-

g.

O

Ge
I

O

G
de

Oe

0.
1989
R

0.

194990

as -

Q.
0.

¢.

G
0.
Ge
O«
0.
De
11
8.
0‘
8.
Ge
O
0.
Be

1991

13,
B
18,
32,
0.
69,
- 29,
98.
Lo
B
Oa
e
G
117.

TOTAL

1.0
1. ¢

2.
TOTAL
&7 &
H2,

117,
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FISCAL
YEAR

1975
1376
1377
1378
1979
1980
1981
1382
1983
1984
1985
1986
1347
1988
1989
139p
1991
1992
19393
1994
1995
1996
1997

FOTAL

Table 7-23.

Solar Observatory Case II - LSO Sortie C

INDIVIOUAL PROGRAM COST PREAKDOWN MILLIONS OF 1971 DOLLARS)
LSO SIORTIE 0s5s

SCHECU

3.0
d.0
2.0
0.0
2.0
a0
0.0
4l
J.0

PAYLOADS
NEW REFURB
e G
;J. u‘
i de
Oe G
1. n-
Ge O
[t 0.
O 'Y
Us s
[ Ja
0. De
[ De
. Je
G o
de Je
O G
UI o'
O 3
Oe O
1 3 G
De Oa
O, da
0' u.
1. e

0.0

LAUNCHED FROM ETR

LSO CASE
SPACE TRANSPORTATION SYSTEM

TOTAL

16,
Go
0.
D.
0
[+ 19
O
0.
0.
Q.
'
0.
Oe
0.
De
Qe
Ba

LEQD QUANTITIES PROGRAM DIRECT COST

LAUNCH VEHICLES

SHTIL TuG TG LAUNCH

SHTL EXP PAYLOADS VEHICLES
God 060 840 040 Dol G,0 Ba G
Ced Dol Du0 043 0Ged Ba0 20. D.
Ba0 Jde8 040 040 Cud Qa0 93, 0,
0e0 D0 0.0 0.0 Gud @40 112, 0.
Ge 00 0.8 1.5 de0 d.0 49, 16,
Gad D0 Del 145 0all Dab 14, 16,
Bad Bo0 0.0 1.0 Gl 0.0 6. 10,
Ge D0 0.0 D48 6.0 D0 Ba Q.
De0 0Oa0 Qe OCal D0 040 0. 2
ety Do Qa0 DBol Qb Qa0 0. g.
Ce0 00 040 0.0 U040 Q.0 0 Ge
8.0 0.0 0.0 0.0 0.0 0.0 [ 0.
Ge? Ge8 Bol 0,0 0.0 D40 1Y 0.
0,0 Jel Jal Cul J4d 0.0 0. Ge
Oel Gall fGe0 DeD Ged Da0 D O
0e0 (o0 000 040 0.0 0.0 De g.
Gad 040 De0 040 0.0 0.0 (19 0.
0,0 0.0 0.0 0.0 2.0 20,0 Do Os
Cad e De0 0e0 Qa0 0a0 O 1
D.u u.o UIG u.o n.u u.u u. 0'
BeD D00 040 0.0 0.0 0.0 'Y a.
Ge@ 040 0.0 Qa0 Qo0 0.0 0. G«
0u0 GaG 0,0 040 040 040 Oe 0.
Oa0 0.0 D00 4,0 @u0D 0.0 29, 42.

336.
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Table 7-24. Solar Observatory Case II - Free Flyer

INDIVIDUAL PROGRAM COST BREAKDOWN MILLIONS OF 1971 DOLLARS)

LSO ON~ORB MNT
LAUNGHED FROM ETR

LS50 CASE
SPAGE TRANSPORTATION SYSTEM
SCHEDULED QUANTITIES
LAUNCH VEHICLES

FISGAL PAYLOADS SHTL TusG TUuG
YCAR NEW REFURSB SHTL EXP
1975 O Da 9.5 040G 040 Ge€G 049 Ge0 B0
1976 Js s Jed 0.0 00 QT80 060 D43 0.0
1977 Ja Ja PR ol 040 De0 Da0 Ded Gaol
1978 da '\ 0uad 0.0 0.0 Qe D0 Gall 0.8
1979 Je O Ja0 040 940 0e0 G0 0 0.0
1980 0. O« ds0 0.0 D0s0 D040 De0 D63 0.0
1981 h I . Be0 Qe Qo0 Ged B8 Usidl 240
1982 1. Qe Jo.0 3J.0 0.0 O.0 «5 0.0 0.0
1983 Ge Je J.0 0.0 040 Qa0 «5  Dell QWD
1984 G O Ga0 e D0 0.0 +5 DBell 0a0
198% 0. e 0.0 Cad 0.0 Ga0 ¢5 Gei) 0.0
1986 da O J¢0 GeQ Qo0 Qeb ¢S5 Ol 0.0
1387 11 1. Ja0 0.0 040 0.0 1.0 0«82 Qo8
1988 Ge De J20 G40 Q.0 Ga.0 «5 0.0 0.0
1389 O« 0. Dsd DeG 040 0.0 ¢5 0Bal DBeb
1994 Qe 0. Gell Bad Gal Q0s8 10 0.8 Jubd
1991 Oe 0. Q.0 0«0 0.0 9.0 0.0 0.0 8.0
1932 0. O Be0 De@ G0 0.0 00 0,0 0.0
1993 Oe Oa G0 0.0 0.0 0.0 0.0 Oefi 0.0
1994 Os 0. Jed 040 0,0 040 00 0.9 OJo0
1995 O 0. 0.0 0,0 0.0 0.0 0.8 0.0 0.0
1996 0 - O Jel 00 Dol Qa0 @ed Oolt 0.0
1997 De 0. 0e0 Gu0 0.0 0.0 0.0 Qo) GauD

TOTAL 1. i 0e0 Gol 040 B8 5.5 Gl 048

0SS

PROGRAM DIRECT COST

LAUNCH
PAYLOADS VEHICLES TYOTAL

Ge 0. e
Qs 0. De
Y Ge 0.
n. n. o.
24, 0. 2.
117, 1Y 117,
141 1 1Y Lhi.
51. - S5&.
S Be 11.
Je Sa 1h,
25, S 3G.
65, Se 70,
49, 11, &0,
Se S 0.
Ge e i1.
3. it. 14,
D. Qe 0.
n. n. u'
Q. (1 % 0.
u. o. u.
a. n. n.
0. GI 0'
Qe 1Y Q.
500. 58. 5548,
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FISCAL

YEAR

137¢
1976
1977
1978
1979
1380
1981
1982
1943
1984
1385
1986
1947
1988
1969
1990
1991
1992
1993
1994
1995
1996
1997

TOTAL

Table 7-25, Solar Observatory Case II - OSO

INDIVIDYAL PROGRAM COST BREAKDOWN MILLIONS OF 1971 DOLLARS)
Jsu 03s
LAUNCHED FROM ETR

L30 CASE
SPACE TRANSPORTATION SYSTEM
SCHEDULED QUANTITIES PROGRAM DIRECT COST
LAUNCH VEHWICLES

PAYLDADS SHYL TuG TUuG LAUNCH
NEW REFURA SHTL EXP PAYLCADS VEHICLES TOTAL

O L el 040 0.0 0.0 0240 0.8 0.0 0. 0, g.
Je i Je0 0.5 0.0 0.0 0.0 0.0 0.0 0. 3o 0.
0- ao 3-0 DOG U-U G-U 0.0 0.0 U-D 01 n. Uo
e Je 0.0 040 08 0.0 9.0 0.0 Q.0 24, 1 2he
Ve 8. 0.0 D0sd 00 QG«0 0.0 0.0 Q.0 50 J. Sl
1. 0 J.8 0,3 0.0 0.0 5 0.0 0.0 Cha 5e 29.
Ue 8. Ja0 040 O0u0 0.0 0.0 048 040 13, O 13,
1. e e 0«0 D0 [Py 2 0.0 0.0 6. G 12.
Ge 9. Ja0 Ge0 DeG 0a0 03 0a0 0.0 O« Ge 0.
00 al Doﬂ 0-0 0.0 ﬂ.O Gou Uoﬂ GDG U. u. 0-
O O» 0.0 0.0 0.0 Gs0 0.0 0.3 0.0 0. 0. [+ 19
Ge [/ Qs0 Os0 0s40 0«0 De0 B0 0.0 Oe g. 0.
0. G 3.0 0,0 0.0 0.8 0.0 0.0 0.0 Qs 0. 0.
1 ' 1.0 0.9 0«0 el G0 GeD 0.0 0. 0. 0
0. O« 040 040 0«0 Q3.0 0.0 0.0 0.0 0. e 0.
Je Oe Ge0 00 040 00 D 0.0 0.8 2. Q. Be
. Qe 3.0 D040 040 D0sG Qo0 0.0 0.0 h 0. 0.
0. 0. a0 00 0.0 Go0 0.0 0.0 0.0 O Qe 0.
[+ Oe 0s0 0.0 0,0 0s0 08 040 0.0 0. Ge Gs
Ge [+ JeO 0,0 004G 0,0 0.0 Gs0 Q.0 O O 0.
O O 0e0 0.0 0.0 QG 0s0 0.0 0.0 0. 0. O
G G, sl Bl 00 Ue0 DHe0 040 Daf 0. 0. g.
G a. 0.0 ©.,0 0.0 0.0 0.0 0.0 0.0 0. 0. 0.
2e Be B.0 0.0 Q.06 0.8 te.0 6.0 0.0 117. it. 128.



Case III

In Case III only the free flyer is used throughout the entire program. A
complete paylead R&D and unit costs for the free flyer are charged to the
program with the R&D cost spread over four vears starting in 1976 and the
unit cost spread over three years starting in 1977. Two mission equipments
R&Ds are charged to the program and spread over four years starting in
1981 and 1986. The free flyer is visited each year from 1979 through 1990
and twice in each of the years 1980, 1981, and 1990. In each of the years
1984 and 1989 the free flyer receives a revisit and a refurbishment flight.
The launch operations costs are spread over two years starting in the year
before the launch. The refurbishment cost is spread over three years

starting in the years 1982 and 1987.

The results of the LSO free flyer are shown in Table 7-26 and the program

direct cost for Case IIl is shown in Table 7-27.
Case 1V

In Case IV the ASO sortie I goes into operation in 1979 and is supported by
the automated OS50 that goes operational in 1980, The free flyer goes opera-

tional in 1986,a year prior to termination of the sortie flights.

A complete R&D and unit costs for the ASO sortie F are charged initially

to the program, with the R&D costs spread over four years starting in 1976
and the unit cost spread over three years starting in 1977. In 1983 a
mission equipment R&D is charged to the program and spread forward over
four years starting in 1980. A refurbishment is charged to the program and
spread over three years starting in 1984. Seven-day missions are flown
twice in each of the years 1979, 1980, and 1981 and one seven-day mission
is flown in each of the years 1982 through 1987. Also, one unscheduled

seven-day mission is flown by the ASO sortie F in each of the years 1979

7-38
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Table 7-26,

SOLAR OBSERVATORY CASE 111 REOQUND ANT
WEIGHTS COST FACTOR BASIC AVG FIRST
SUBSYSTEM DRY TOTAL QTHER INPUTS DEY PROD RDTE UNIT UNIT
STRUCTURE 9346 9340 TYPE, EXD 1.000 1.040 19.8 9.8 3.8
ELECTRICAL POWER 2850 2350 WATTS, 15340, 1.000 1.000 9.8 2e2 2.2
TRAGKING,COMMAND 1100 1100 ALT, LOW NREBTIT 1,600 1,000 4242 3545 35.5
STABILITY,CONT3OL 1865 2§65 TYRE, I=AXIS 1.00G6 1.008 8545 Jhel 3bobs
PROPULSION 0 0 TOTLIMP. Q. 1,000 1.300 .0 0.0 0.0
SPACECRAFT 15155 15355 157.,4 #1.9 81.9
MISSION EQUIPMENT 9934 3934 COMPLXTY, LOW 1.00C 1.0C0 33.6 30,7 30.7
SATELLITE 25089 25289 191.0 112.6 11246
AGE 1.0048 21,5
LAUNCH SUPPORT 1.000 6.6 Beb
GROUND STATIONS
MISCELLANEDUS
SE AND TO
TOTAL
FISCAL YEAR 1979 1980 1961 1982 1983 19684 1385 1986 1987 1988
DESIGNS AND REDESIGNS
SPACECRAFT 1.00
MISSION EQUIPMENT 1,49 1.00
SATELLITE SCHEDULE
NEW (CURR REUSABLE ) 1. Oe O D Q. Ge O O B G,
REFURB (RATE=,324Q) 0. 0. Qe [ O 1. Qs e 1Y 0.
MAINTENANGE FLTS »180 o150 150 «100 2950 100 050 »100 059 100
FISCAL YEAR 1975 1976 1977 1978 1979 1980 1981 1982 1983 1986 1985 1986 1987 1938
FUNDING
RDTE Ge 28, 97. T79. 23, 0. 4, 15. 13. b O s 15, 13,
INVESTMENT e 0 320 678 24 de Ge 5« 11, bs 0s Ga 5. 11,
OPERATIONS Ge 0. Qe T+ 11+ 10. Ba S BOa. 40 5 Se S W2
ToTAL 8. 29, 129, 153. 58, 10 12, 25, ©&h. 48, - 9, 25, 66

Free Flyer - Payload Program Cest (Millions of 1971 Dollars)

PAYLOAD PROGRAM

COST ESTIMATE
ROTE INVEST OPS TOTAL

23s 1G. 0. 30.
13. 2a [t 12.
k2. 35. O TTe
86, I, o, 129.
0. Q. Ge D.
158, 81, 0. 239,
101s 73 0» 174,
2569, 154. 199, 612,
22, 0. 0. 22,
0. 0. 20. 20
(1% Oe 0. 0.
i. 2e Os 3.
i7. 7. 1. 25,
299, 163, 220. 682,
1983 1990 1991 TOTAL
1.0

1.00 3.0
0. 0. 0. i.
1. [/ Q. 2
«100 .0800,000 1.130
1933 1990 1991 TOTAL
4. 0. Oe 299,
b, d. . 0. 163,
4l 1. Ga 220,
49. 1. 0. 682,
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FISCAL
YEAR

1975
1976
1377
19748
1979
1983
1941
1982
1983
1984
1985
1986
1387
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997

TOFAL

Table 7-27.

INDIVIDUAL PROGRAM COST PREAKDOWN MILLIONS OF 1971 DOLLARS)
LS50 ON=0RB MNT

Solar Observatory Case III, Free Flyer

LAUNGHED FROM £TR

Lso
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and 1980. These operations costs are spread over two years starting in the

year before the launch.

A complete payload R&D and unit costs for the automated OSO are charged

to the program, with the R&D and unit costs spread over three years starting
in 1978. A new mission equipment R&D for the automated OSO is charged

to the program and spread over three years starting in 1982. A refurbish-
ment cost is charged to the program and spread over two years starting in
the years 1983 and 1985.

The LSO free flyer goes into operation in 1986. A complete spacecraft and
mission equipment R&D and unit costs for the LSO free flyer are charged

to the program. The LSO free flyer does not inherit technology development
data from the ASO sortie. The R&D costs are spread over four years
starting in 1983, The unit costs are spread over three years starting in
1984, One manned maintenance visit is flown in each of the years 1987,
1988, and 1989; two are flown in 1990. These operations costs are spread

over two years starting in the year before the launch.

The results of the payload program cost for the ASO sortie ¥, the free flyer,
and the automated OS50 are shown in Tables 7-28 through 7-30. The program
direct cost for Case IV is shown in Tables 7-31 through 7-33.

7.2.3.2 Total Progrram Cost

Case I and Case IIl are the lowest in total cost. They are similar in magnitude
with Case I slightly lower in NPV, The LSO sortie C and the auvtomated OSO
are used in Case I. The free flyer is used in Case III. FEach of these cases

involves the least number of development programs,

Case II,which has three major developments, has the highest cost. It uses
the LSO sortie C, the automated OS50, and a free flyer. The free flyer is

phased in shortly after the sortie, and gains from its technology.
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Table 7-28. ASO Sortie F - Payload Program Costs
{(Millions of 1971 Dollars)

SOLAR OBSERVATORY CASE IV REDUNDANT PAYLOAD PROGRAM
WEIGHTS €OST FACTOR  BASIC AvS5S  FIRST COST ESTIMATE
SUBSYSTEH ORY TOTAL OTHER INPUTS DEV  PROD ROTE UNIT  UNIT  RDTE INVEST OPS TOTAL
STRUGTURE 9625 9625 TYPE, £X0 1,000 1,000 19.9 10,0 18,0 20, 1d. O 30,
ELECTRIGCAL POWER 290  20C WATTS, 1506, 1,000 10000 2o .6 6 2¢  ts G 3.
TRACKING,COMMAND B 60 ALT, LOW ORRIT 1,000 1.000 5.8 146 1.6 6, 2+ 04 8.
STABILITY,GONTROL 2a5 205 TYPE, 3-AXIS 14800 1,060 17.2 3.5 3.5 17, 4. 0. 21,
PROPULSION 6 2 TOT.IMP. U, 1,000 1.000 0+ 0.0 0.8 8. 0. 0. Ge
SPACECRAFT 153990 13890 454k 15.7 15,7 45, 17. O 62,
MISSION SQUIPMENT 3575 357J COMPLXTY, LOW 1.000 1.000 22,8 17,9 17,9 46. t8. 0. Bl
SATELLITE 13660 13569 68.2 33,6 33.6 91, 5, 33. 159.
AGE 1.000 11.9 2. 0. 0. 12,
LAUNGH SUPPORT 1,060 2.6 2.5 0.  Ge 26 2.
GROUND STATIONS Go 0. 0. Be
MISCELLANEOUS 1. 1. G 2.
SE AND TD 6. 2. 0 8.
TOTAL 110, 38. 35. 133,
FISCAL YEAR 1379 1980 1981 1982 1983 19684 1985 1966 1987 1988 1983 1990 1991 .TOTAL
DESISNS AND REDESIGNS
SPACECRAFT 1.00 1.8
HISSION EQUIPMENY 1.60 1,00 2.0
SATELLITE SCHEDULE
NEW (EXPENDABLE ) t« 0O0s Geo 6. 0. ©s 0O, 0. 0s 0, 0. 0. O 1.
MAINTENANGE FLTS v150 o200 +156 100 o100 108 160 .450 .0300.0000,0000.0800.600 ,980

FISCAL YEAR 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1930 1991 TOTAL

FUNDING

ROTE De 10+ 37. 30 9. 3. 10, S Ze O D4 0. U G. 0. 0. de 110.
INVESTMENT Ge B 11, 20. Te O 1 0. 0, '} ['IY O s 0. De D O 38,
OPERATIONS e U it L Ta Be ke 3. 3. 3. 3 i 1. : Ba G 0. 35,

TOTAL O 10 48. S4e 23. 9, 1k, 12. S 3. 3. 1. 1. 0. Q. G 0. 183.
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Table 7-29. Free Flyer - Payload Program Costs
(Millions of 1971 Dollars)

SOLAR OBSERVATORY CASE IV REDUNDANT PAYLOAD PROGRAM
WEIGHTS COST FALTOR BASIC AvVS FIRST COST £STIMATE
SU3SYSTEM DRY TOTAL OTHER INPUTS DEV PROD ROTE UNIT UNIT ROTE INVESY 0PS TOTAL
STRUCTURE 3340 9343 TYPE, EX0 1,000 1.000 19,8 .8 9.8 20 13, 0. 30.
ELECTRICAL POWER 2854 2850 WATTS, 1500. 1.600 1000 9,8 2s2 22 10« 2s 11 12,
TRACKINGCOMMAND 1150 11G0 ALT, LOW OFBIT 1,000 1,060 42.2 35.5 35.5 42 35, 0. T7a
STABILITY,CONTROL 1865 200% TYPE, 3-axIS 1.600 1,000 85:5 bl Ikl 86s 34 0. 120.
PROPULSION 3 3 TOT.IMP. Do 1,000 1.000 0.0 0.0 0.0 0o 1 3 'Y 0.
SPACECRAFT 1615% 15355 1574 81,9 81.9 i58, &1. [ 239.
MISSION ERQUIPHMINT 9934 9934 COMPLXTY, LOW 1,600 1.000 33.86 30.7 30,7 Jhe 31 B 69,
SATELLITE 25439 25289 191.0 112.6 112.6 192, 112. 43, 347,
AGE 1.000 215 22, da U 224
LAUNCH SUPPORT 1.J00 66 6.6 'y Ds T T
GROUND STATIONS 0. 0. Ja 0.
MISCELLANCOUS 1. 2 T 3.
SE AND TO 13. T i 20.
TOTAL 228, 121, 50. 399,
FISCAL YEAR 4379 19837 19R1 1982 1983 1984 1985 1986 19487 1988 1989 1990 1991 TOTAL
DESIGNS AND REDESIGNS
SPACECRAFT 1,010 1.0
MISSION ZQUIPMENT 1.08 1.0
SATELLITE SCHEQULE
NEW (CURR REUSAdLZ ) Ua 1Y G 'Y g, 198 O 1. Os D« 0. 0. 0. 1e
MAINTENAMCE FLTS 0e0000+6000,000G0,0000.G000400U00,00004G60 L1000 100 ,100 ~0800.,0000 .380

FISCAL YEAR 1975 1976 1977 1978 1379 1980 1981 1982 1983 1984 1985 1986 1987 19388 1989 1990 1991 TOTAL
FUNDING
RDTE LY Ja de 1% O 0 O Ja 29, - F T3, 23, 119 O De Qe Do 228 .
INVESTMENT [/ IS Je Qe [ Us [ 0. 19 0. 30, BT 2ha de 1119 e 0. D 121 .
QPERATIONS 0 'S Qe da O [ 'Y Ja Qs s be 3. 11. 11. 10 S 0. 50 .

TOTAL 0. J. Je 0. 0. G Qe Je 29, 127. 159. S6. 11. 11. 10, Se O 399.
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Table 7-30. OSO - Payload Program Cost
(Millions of 1971 Dollars)
LOW COST
WEIGHTS COST FACTOR  BASIC AVG
DRY TOTAL OTHER INPUTS DEV PROD ROTE  UNIY
564 550 TYPE, EXO ¢560 4599 83 2.8
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Table 7-31, Solar Observatory Case IV, ASO Sortie F

INDIVIDUAL PROGRAM COST BREAKOOWN MILLIOMS OF 1971 OOLLARS)
LS0 AUSTERE 0SS
LAUNCHED FROM ETR

LSO CASE
SPAGE TRANSPORTATION SYSTEM
SCHEDULED JUANTITIES
LAUNGH VCHICLES

PROGRAM DIRECT COST

S¥=4i

FISCAL PAYLOADS SHTL TUuG TuG LAUNCH
YEAR NEW REFURSB SHTL EXP PAYLOADS VEHICLES TOTAL
1975 9. =1 Bed Lo 840 Qa0 D0 0.2 0.0 Os 0.
1976 Je ' JeU Gud 0.0 Jal 0.0 D40 0.0 10. Ue
1977 s 1 Ja CoQ 0.0 D40 De0 GCeG 040 48, O«
1978 O« 0. Oull GeO 0Bua0 D8 0.0 0.0 0.0 She 0.
1979 i. O 0.0 @48 040 D&l 1.5 0.0 0.0 23. 164
1580 G de Dot $al Vel 0.0 1.5 0a3 0,0 9. 16,
1981 Ge Ja JelO Gal 0Ba0 Jed 10 Goed (a0 14, 10.
1982 e 0. 0«0 Heu Q.0 0.0 «5 040 0.0 12, Se
1983 " 0. Jall €43 0.0 O8G0 «5 0.3 0.0 Se e
1984 1 0. D60 040 0.0 0,0 5 0.0 0.8 3. S
1985 Je De 3«0 0.0 0.C Q.0 «5 (e D0 3. Se
1336 'S U 0e0 0,3 040 0.0 «e5 0ed Q.0 1. S5a
1987 ' ds 0.8 0.3 0.0 .0 «5 Ged Do 1. 6.
1388 139 ' Ded 0ed 0.0 Qe Bof Gald Gad Do Ge
13989 G Je GeD Gad 040 D0s0 00 09 020 Q. O
1990 0. G De® Ol G0 9.0 0.0 0.0 0.0 O« '
1991 Ue ) Ga0 CabG 040 0.0 040 0.0 a0 D« 1S
1992 0. O J.0 0.0 0.0 0.0 G.0 040 0,0 e 0.
1993 B Ga Bs8 O0s0 De8 Ge8 G 0s0 048 (LN Q.
1994 O 'y Jol 004G DuG 0l 040 GCo0 0,0 De [
1995 0. Ja 0.0 Gal 040 040 9.0 .0 0.0 0. '
1996 G e Jall TGeBh 048 0«8 040 0.8 040 0. G
1997 De [ 0.0 G40 D0e0 0.0 040 040 0.0 O h
TOTAL 1 da 0+0 040 B840 B.0G 740 0.8 0.0 183. T
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Solar Observatory Case IV, Free Flyer
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Solar Observatory Case IV, OSO
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Case IV falls between the highest and the lowest. It uses the ASQO sortie F,
the automated OSQO, and the free flyer. The free flyer is phased in four
years later than the iree flyer in Case Il and does not benefit from the
development of the ASO sortie F. The difference between Case IV and

Case 1l is explained as foliows.

In Case IV the ASO sortie's development and investment is less than the
development and investment of the LSO sortie used in Case II. The R&D
and investment for the free flyer used in both cases are about the same,
but the operations cost for the free flyer is less for Case IV. The R&D for
the automated O3S0 is more for Case IV than Case Il because of extra
mission equipment. The automated OS50 is in operation longer in Case IV
than Case II, so the operations cost is more. The overall effect is that
longer use of lower cost configurations such as ASO will provide lower

total program costs.



7.3 SYSTEM DEMONSTRA TION PROGRAM COST ANALYSIS

7.3.1 Summary

A cost analysis was conducted on two system demonstration programs,
The first program examined the effect of traffic demand on a Tracking
and Data Relay Satellite (TDRS) program. Tradeoffs for this program
involved a cost comparison of expendable or reusable operational modes,
configuration designs, and system approaches to meet increasing demand.
The second program compared the cost of conducting a System Test

Satellite program with expendable or reusable configurations.

The 4. 6-m (15-ft) diameter satellite (configuration D) configured for
multiple launches on the Shuttle/upper stage and applied to the TDRS
demonstration programs is estimated to have the lowest relative life
cycle cost for each case considered. The cost driver is the reduction
in launch charges due to multiple launches, compared to the next best

configuration (configuration C).

In the TDRS program there are sufficient refurbishments to make reuse
payoffs, whereas in the System Test Satellite program the refurbishments
are too few to generate savings for the reusable mode for NASA, If the
non-NASA users of the System Test Satellites accepted the demonstration
and took over the program, the user would probably benefit from a
reusable satellite approach. This possibility was not studied. These
comparisons indicate the cost sensitivity of the operational mode to

the relative nurmber of new and refurbished payloads for the reusable
program. Because both program examples have low unit cost satellites

the advantage of reuse is less pronounced.
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Comparisons and selections of program approaches are based on relative
total program cost estimates required for the operational period of
1978 through 1990, Estimates were obtained using current baseline

procedures and have not assumed big dumb paylioad effects. Reliability

effects owing to launch vchicle failures are not included in the costs
7.3.1.1 Comparison of Operational Modes for Tracking and Data

Relay Satellite (TDRS) Programs

Three TDRS programs associated with satellite configurations B, C,

and D were considered for meeting an increase in traffic demand by an
expendable and reusable operational mode. Costs associated with these
approaches over an operating period between 1978 and 1990 are compared
in Table 7-34, Configuration B, called the baseline reusable, is a

typical payload optimized for an expendable launch vehicle and with
minimum modifications for launching with the Shuttle and Tug. Configura-
tion C is an optimized reusable design and configuration D is a shorter
version of C for possible multiple launches (see Section 5 for descriptions
of configurations A through D). For all cases, configuration D has

the lowest program cost. Numbers in parenthesis are estimates of
program costs with multiple launches made whenever possible, considering

opportunities for multiple launches for configuration D with itself,

Cases 1, 3, 4, and 5 represent various alternate approaches for structuring
the payload traffic to meet the system demand. (See Section 5 and Table
5-1.) Case 1l is an expendable mode, while Cases 3, 4, and 5 are for

a reusable mode. The increasing demand is satisfied by periodic payload
R&D for Case 1, only mission equipment R&D for Case 3, and increases

in satellite on-orbit traffic for Cases 4 and 5, Case 4 has twice and

Case 5 has triple the original demand after 12 years. In the cases

examined configuration D in the reusable mode provides the lowest

7-50
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Table 7-34. TDRS Direct Program Cost Estimate Comparison of Operational

Modes to Meet Increasing Demand {Millions of 1971 Dollars)

Cases 1 3 4 5
Operational Mode Expendable Reusable
Program Changes Pag&t%ad ]?_,ﬁli.s;z)g Demand X 2 Demand X 3
Configuration
B. Baseline reusable 362 N/A% 308 404
C. Optimized reusable 361 N/A* 258 347
D. Optirhizéd reusable, short 357 274 249 344
configuration :
(multiple launch of D) {335) (252) (227) {311)

* .
new spacecraft required




cost. Among the reusable cases the lowest cost approach for meeting

the demand is dependent on the rate of demand increase. For an increase
of demand by a factor of 2 the low cost approach is to use more of the
same satellites (Case 4); for an increase by a factor of 3, however, the
low cost approach is to update the mission equipment with periodic

redesigns to increase the performance.

The relative cost of providing the capability tc meet the increased demand
is shown in Table 7-35 for reusable satellites. Case 2 represents the
baseline program with the same satellite in use and constant demand.
Based on estimates for configuration D, a 100-percent increase in demand
(Case 4) is obtained with an 11 to 12~percent increase in program costs.
In order to obtain a 200-percent increase in demand, either a 22 to 25-
percent increase in program costs is required for mission equipment

R&D (Case 3), or a 54-percent increase in program cost by using more

of the same satellites.

A program factor not considered in the above comparisons is the cost

of a special docking system required for retrieval of all the spinning
satellites. The estimate for adapting the spin capability to the standard
Apollo docking mechanism is $2. 75 million for RDT&E and $0. 66 million
for each unit. These costs can be shared by all the applicable reusable

satellite programs or paid for by the Tug program.

7.3.1.2 Comparison of Operational Modes for a System Test
Satellite Program

Program direct cost comparisons for various approaches of conducting
a System Test Satellite demonstration program are displayed in Table 7-36.
All configurations are launched on the Shuttle with either expendable or

reusable upper stages. Configuration A is the only expendable payload
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Table 7-35, TDRS Direct Program Cost Estimate Impact of Increasing Demand
for a Reusable Payload (Millions of 1971 Dollars)
Cases 2 3 4 5
Operational Mode Reusable
Program Changes None Mission Eq. R&D Demand X 2 Demand X 3
Configuration
B. Baseline reusable 243 N/AX 308 404
C. Optimized reusable 228 N/A® 258 347
D. Optimized reusable, short 224 274 249 344
configuration
{multiple launch of D) {202) (252) (227) (311)

* .
new spacecraft required
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Table 7-36. System Test Satellite Program Cost Estimate Comparison of Operational
Mode (Millions of 1971 Dollars)

Number

Average Program
of Payloads Unit Payload Direct
Cost Total Cost
New Refurb.
Configuration
A. Baseline expendable 8 0 8.9 134 184
B. DBaseline reusable 6 2 9.3 128 194
C. Optimized reusable 6 2 10.8 1414 211
D. Optimized reusable, short 6 2 10. 6 140 210




case and it has the lowest program costs. Reuse does not pay off because
of the few refurbishments conducted in comparison with the new satellites
bought. The fact that the unit costs are low is also a contributing factor

in reuse not paying off,

7.3.2 TDRS Program Characteristics and Results

The TDRS program was a demonstration of system traffic for a communi-
cation program. Different operational modes and satellite configurations
were considered in order to meet various potential user demands. The
analysis considered the basic number of launches required and expected
number of satellite random failures in order to maintain three satellites
in orbit for the basic case of constant demand (Case 2). Increases in
communication traffic demand were met by periodic replacement with
new satellites (Case 1) or only mission equipment upgrade (Case 3},

and by increasing the number of identical satellites in orbit. The details

of the cost analysis are presented in the following paragraphs.

The direct program costs for the operational period considered (1978 to
1990) are shown in Table 7-37 for configurations B, C, and D, and

for all five cases. Cases are identified by the notation TDRS-1, TDRS-2,
etc. These costs represent the total of the payload program and the launch
vehicle direct charges., Cost streams for all these totals are shown in
Table 7-38. A breakdown of the payload program costs into RDT&E,
investment, and operations is shown in Table 7-39 along with the
approximate number of new and refurbished payloads used during the
program., The quantities are rounded off to the nearest whole number,
whereas the costs are based on the fractional payloads required. From
the quantities shown one can see that Case 1l is an expendable operational

mode in which the payloads launched by the Shuttle and Tug are not

7=-55
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Table 7-37. Program Direct Cost Summary - Direct Program Costs (1 of 5)
{Millions of 1971 Dollars)

SPACE TRANSPORTATION SYSTEM
PAYLOAD LNCH VEHM PROGRAM
TOTAL DIRECT DIRECT

TIRS L COWF. % BSL RCUSEABLE = & Y HMD
TORS 1 CONF4 3 2594 103 362

TORS 1 COWF, C OPTIL. RIUSEABLE - 7 YR HMMD
TORS 1 CONF. C 274, 87 361

TI2% 1 CONF. 3 OPTI. ROUGEABLE SHORT = 7 YR HMI
T3rS 1 CONF. 3 273w 67 357
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Table 7-37.

T32%

TORS

FIRs

Program Direct Cost Summary - Direct Program Costs (2 of 5)

¢ LOUF. 3 E/
TIRE 2 CINF.

L
3

{(Millions of 1971 Dollars)

REUZEAILLE -

2 LGIF, o CPTIL, RIuszaAdlo
TIRG 2 &WMF,

-~
L

S CGdF. ) 0PTI, KiJSZABLC

TOR:

2 L VIF.

)

c Y2 M0
- 7 Y32 M40
SHORT = 7 ¥/ HMMO

SPACE TRAMNSPORTATION SYSTEH
PAYLOAD WNCH VEH PROGIAM
TOoTAL UIRECT OIRECT

14)a 103 Zh3e
1lal,. BT« 228,
137, 87, 224,
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Table 7-37. Program Direct Cost Summary - Direct Program Costs (3 of 5)

(Millions of 1971 Dollars)

TORS 3 CONF., 3 B/L RZUSEA3LE -

TORS 3 CONF. 3

TORS 3 CONF. C OPTI,
TORS 3 CONF. C

TORS 3 COWF. 2 GPTI.
TarRS 3 CONFe 2

REUSEABLL

REUSEABLE

& ¥R

-7

SHORT

¥MD

: MMD

= 7 YR MMD

SPACE TRANSPORTATION SYSTEM
PAYLOAD LNCH VEH PROGRAM
TOTAL DIRECT DIRECT

178. 103, 281,
179, 101, 280,
173+ 101, 274+
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Table 7-37. Program Direct Cost Summary - Direct Program Costs (4 of 5)
(Millions of 1971 Dollars)

SFPACC TRANSPORTATION SYSTEM
PAYLOAD LNCH VEH PROGRAM

TOTAL JIRLCT DIRECT
TORS o COIFe 3 BSL KL USed3LE = & YR 443
TORS < COMF, 3 172, 136. 3ge.
TORS & JOIF. © 02TIs R:U3cABLE = 7 Y2 MMU
TOAS « CUNFe 3 1561. 97. 258,
TORS & CONFs 0 CPTI,. RcLSEABLE SHJIRT = 7 YR MMD
TERS & CuNF, 3 156, 33. 249,
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Table 7-37. Program Direct Cost Summary - Direct Program Costs (5 of 5)
{Millions of 1971 Dollars)

SPACz TRANSPORTATION SYSTEM
PAYLOAD LNCH VEH PROGRAM

TOTAL OIReCT DIRECT
TORS & CONF. 3 B/L TUSEASLe - & YR MMD
TOHS 5 CUNF. 3 221 163, L4
TORS & SONF, C OPTI. REUSEASLE = 7 ¥ MM
TORS 5 CONF. C 239 138, 347
TIRS 5 CUWFe 3 OPTI. RIUSEAULE SHORT = 7 YR MHD
TCRS 5 CONF. D 206, 1338, Jialss
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Table 7-38.

Space Transportation System (1 of 5)
(Millions of 1971 Dollars)

1374 1975 1370 14977 1378 1379

Tarks 1 CONFe 3
TORS 1 GOdFa B i Je

TORS 1 GOuF. ©
TIRS 1 COMF. C de D

TIURS 1 CGUNF. 9
TORS 1 COMF. D Je N

B/L REUSEASLE = & YR MM

= 7 YR MMD

OPTI. RLUSEAULE

OPTI« REUSEAZLE SHORT

13849

11.

2

= 7 YR MHD

Le

1381 1982
19 iy
21, 4“9,
21ls 47,

1333

52

52

1984

Ee

1.

1.

13385

1.

1.

13886

12'

3.

3.

1387

19.

21

21.

Program Direct Cost Summary - Direct Program Costs

1388

L,

49,

47«

13389 1990
+5. "
52 ds
51 0.

1991

Je

G

ue
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Tazs
TR

TIRS
TORS »

fuas &

TOR3 ¢

Table 7-38.

137+ 137%

Program Direct Cost Surmmary - Direct Program Costs,
Space Transportation System (2 of 5)
(Millions of 1971 Deollars)

1470 1977 L97s 1379 198y 1381 1982 1333 L1384 1985 1966 1947 1988

Leo= L Y2 MG
E T 22 G 1i. b 2 lu. "y B 1. 3. 43,

¢ LOAF. 8 DPTI. RIUSDABLE = 7 YR MM

NEVEH i 3

SONF. O G Y

Zhe 530 22 is 1. 2 . 3. 12. 42, 1. Ba 45,

ICLYAF, ) ORTI, RIL3=32LE SHORT = 7 ¥R MMO

2‘0. 56. 21- 1' 1! 2. a. 3. lzl “3- 1. 6. “5-'

1343

T

3

13996 1991
Ue Ue
0. O
U- 0.
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Table 7-38. Program Direct Cost Summary - Direct Program Costs,
Space Transportation System (3 of 5)
(Millions of 1971 Dollars)

13976 1975 1376 1977 1378 1973 1989 1981 1982 1943 1384 1985 1986 1987 19388 1389 1930 1991

TS 5 COWF. 1 BFL ReUSEABLE = o YR MO
TORS » CONFa. B Je Y 23, L Zile Ze Ge 17, 22, 46, 2 3 3 1h. G 21. Wies Ua Ue

TIORS 3 CO4F. G OPTI. REUSEABLE - 7 Y MMD
TIRS 3 COnF. C Ja de 32, &ds 25. i le 9e 230 47 1. i. 3. 7. 18. 4o, 0. b.

TORS 3 GONF. 9 QPTI. REUSCABLE SHORT = 7 YR MMD
TIRS 3 CONHF. O Je Je 3uns 5 2he 1. 1. 9, 23. =7, 1. 1. 3. 6. 19, 44, O G
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TORS
TIRS &

TORS
TGRS &

TDRS
TORS &

Table 7-38.

4 GOWF.
CONF,. &

4 GOnNF.
CONF, C

4 CONF.
CONF. O

<r

Space Transportation System (4 of 5}
(Millions of 1971 Dollars)

1374 1975 1476 1977 L1478 1979 1380
N/L ~ZUSEABLE - & YR MMD
Ja da 23, 55 2ue 2a s

OPTI. REUSEABLE = 7 YR HMMD
Je 8. 30. 68¢ 254 1. 1.

OPTI. REUSZABLE SHORT = 7 YR MMD
Ue ve 284 BBe 24, 1l 1.

19481 1982
13, -
Se B
5. 6.

1343

17

11,

1ide

1384

40

i1.

1985

2.

42

41,

1986

Be

2

-

1987

254

T

7

Program Direct Cost Summary - Direct Program Costs,
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TORS
TIRS b

TORS
TORS &

TORS
TORS 5

Table 7-38.

5 CONF.
CONFa &

4 LONF,.
COHF. C

5 CONF,
CONF. D

[

{Millions of 1971 Dollars)

1374 1975 1376 1977 1378 1979 1980

37L REUSEABLE = B YR MMD
0 0. 23, 54y 20 2.

OPTI. REUSEABLE = 7 YR MMD
e Jde 29 664 25. 1.

OPTI. REUSEABLE SHORT =~ 7 YR MMO

Dl J' 29' 65. 2‘}' 1.

4

1.

1

1981 1982
18, 19.
it. 1%.
1i. 19,

Program Direct Cost Summary
Space Transportation System (5 of 5)

1943

33.

28.

27

1984

4l

i1z,

12,

1985

Be

43,

43
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12.

3.

3.

1387
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13.

13.

- Direct Program Costs,

1984

23.

13.

13.

1343 1930
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36s MWl
35, 42,
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Table 7-39. TDRS Case (1l of 5)

PAYLOAD TOTALS

PAYLOAD QUANTITIES PAYLOAD PROGRAM COSTS
TYPE NEW REFURBED ROTE INVEST OPS TOTAL
TORS i COJF. 3 B/L RcUSEAJLE - & YR MMD
TORS 1 CONF, 3 CURR REUSA3LE 1ie Ge 145, 105, 9. 259,

TOKS 1 COdF. € OPTI, REUSEABLE - 7 YR HAD
TORS 1 CONF, C CURR REUSAILE G s 159, 1064 Je 2T 4a

TDRS &1 CONF. 2 OPTI, REUSEABLE SHORT = 7 YR MMO
TORS 1 CONF. D CURR REUSA3LE e U 156. 105 Fe 270G
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Table 7-39. TDRS Case (2 of 5)

PAYLOAD TOTALS
FAYL AL JUANTITIES PAYLOAD PROGRAM COSTS
TY®e NeW ReFUREBLd RWTe INVEST OPS TOTAL

TORS 2 JO0iF, 3} /L A USZABLE = 6 Y= ™MD
TIkE 2 CINF, 1 UURR PEUSESL: T G 4. 68. 23, 14G.

Ta=5 ¢ SOHF, I CETLe RELSEASLL =~ 7 Y MMD

Ta25 2 CIMF. O CURR REUSAILE G e S4e 61l. r4-1 141,
TO#% 2 COF. 1 ORPTI. RILSLASLE SHORT = 7 ¥ MMD
TORES 2 LaHi. N SRR 2EUsa3LC 5. Le 52 59 26 137
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Table 7-39. TDRS Case (3 of 5)

PAYLOAD TOTALS
PAYLIAD JQUANTITIES PAYLOAD PROGRAM COSTS
TYPL NEW REFURGED R3ITE INVEST OPS TGTAL

TIRS 3 UOWF. 1 /L ReUSEABLE = & YR MO
TOoRs 3 Cf)NF. 3 CURWw RCUSAS‘-E Ts be 75. 68- 35, 178,

TIRS 3 SUNFe © OPTIs KREUSEASLT = 7 YR MMD
TORS 3§ CUNF. C CURR ReUSAINE S L 8i. 61. 37 179,

TJIS 3 COWF, J GPTI, REUSEABLE SHORT - 7 YR MMD
TORS 3 CINF. D CURR REUSAILE S beo 78. 59 6. 173,
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Table 7-39. TDRS Case (4 of 5)

PAYLOAD TOTALS

PAYLIAD TUANTITIES PAYLOAD PROGRAM TOSTS

TYPc NEW REFURBZD RDTE IMVEST OPS TOTAL
TORS = LOMF. 4 ©/L RCUSEASLE - € YR MMD
TURS 4 COUNFa 3 CURR REUSAAJLE 9 6 49, 88, 3. 172,
TORS & CONF, C OPTI. REUSZAJLE = 7 YR MMOD
TORS & CJINF. C CURR REUSAILE Te 3 Slhe B4 23, 161,
TORS & COitFs O OPTI. REUSEABLE SHORT = 7 YR MMD
TORS & COINF, 2 CURR REUSA3ILZ 7 3. 52 82 22+ 156,
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Table 7-39. TDRS Case {5 of 5)

PAYLOAD TQTALS

PAYLJAL JUANTITICS

TYPE NEW REFURDED

TORS 5 COMF. 3 HB/L RZUSEADLE - E YR MMD
TIRS 5 CANF. 3 CURR REUSAZLE 13 B

TIHs 5 COWNF« C OPTI. REUSEABLE = 7 YR M4D
TORS 5 CONF. © CURR REUSA3LE 1i. Ss

TORS 5 CONF. 9 OPTI. RCUSEADLE SHORT = 7 YR 'MMO
TURS 5 CONFa O CURR REUSA3LE 1le S

PAYLDAD PROGRAM COSVS

RDTE INVEST OFS TOTAL

49, 125 47 220

Sha 119. 36 20%9.

52 118, 36 206



recovered even though they are retrievable designs. Configuration B

is a baseline (B/L) reusable design which is a minimum modification

to an expendable design optimized for an expendable launch vehicle.

The modification permits the payload to be attached to the Tug and launched
from the Shuttle. Configuration C is a life-optimized design for reuse,

and configuration D is a life-optimized design which was shortened to
permit at least two satellites to be launched with the Tug on a single

Shuttle flight.

The Intelsat IV satellite designs are used in this study as an example
of the TDRS configurations. Characteristics of the designs used for
costing are displayed in Table 7-40 for configurations B, C, and D.
Basic satellites costs as well as program costs are broken out for all
of the 13 combinations of case and configuration. The estimates are
approximations in that the redundancy cost factors of 6-~year MMD
(configuration B) and 7-year MMD (configurations C and D) satellites

are from the baseline CERs,

Details of the satellite programs are shown by the schedule and quantity
for new designs and for launches. Included in the schedule are launches
of new, refurbished, and replacement (for random failure) payloads.
Corresponding spread cost streams are displayed at the bottom of the
tables. Reliability effects owing to launch vehicle failure were not

included in this estimate,

Launch schedules and direct charges based on a capture analysis are
presented in Table 7-41 for all 13 individual programs. In the first year

of the program, 1978, expendable launch vehicles were required for the
reusable type payloads. For this exercise additional costs were not included
for adapting these payloads to the expendable launch vehicle. Launch
vehicles considered were the Titan IIID/Centaur and the Titan IIIC. From
1978 on, Shuttle and reusable Tugs were used. The estimated costs for

the launches include trip sharing with other programs where possible.

T=71
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Table 7-40.

Pa¥YLUdl PRIGRAM COST (MILLIONS OF 1971 DOLLARS)

TOxS CaSk
AZIGHTS
SUSSY 3T M JRY TOTAL
JTRULCTURC hig 19
ZLECTRICAL POWZR 253 B9
TRACKING 4 COHMMEND 3] )

STAJILLTY, JONTROL 31 437

PRIPULSIIN v v
SPACEC =AFT 1019 1365
MISSION e GJIFMENT 350 350
SATeLLITE 139 1715
AGE

LAUNCH SUPPORT
GROUND STATIUNS
MISCELLANE JUS
SE AND TV

TOTAL

FISCAL YEAR
DE3IGNS ANTO REDESIGNS
SPACECRAFT
MISSION HEQUIPMINT
SATELLITe SCHEDULE
NEW (CURR REUSABLE )

FISCAL YcAR 1974 1375 19786 1977

FUNDING
ROTE Je Je 12,
INVESTMENT Je Je 7T

JPERATIONS Geo Je e

ToraL O 3{ _?go

(1 of 15)

OTHERr LPUTS
TYPS,
WATTS,
ALT,
TYPE,

TOT«IN2,

ENJD
570
SYNC
SPIN
Oe

COMPLXTY, LOW

27 e
16
4,

47

1978

1979 1380

G

I

1578 1979 19380

1Ge
s
1,

19.

e
L
g

e

e
Ze
Te

2a

REDUNGANT
COST FACTOR
DEV PROD
i:000 14040
1+ 00y 1000
1,000 1.000
1.0G0 1.0068
1.000 1.063

1000 1,030

1ad4i
1.0060

1981 1982 1983

ﬂ”l Lﬂ L] o 3 L]

13961 1982 1983 19864 1985

12 274 1ds
7o 10 B
1 i, 1.

IR AL R

BASIC AVG
ROTE UNIT
Ja7 1ake
Ta4 1.7
6.5 1.1
5.9 1.2
sl Ued
Joist 5¢1
12.5 4,2
42.5 9.3
2
8
1934

"

Je
B
de

Be

TDRS 1 Configuration B

FIRST
UNIT
1.6
1le3
1.2
13
Ue0
5.5
4B
liel

8

1985 1986 1987

1.

0e
2
G

2.

Je O

0. 12
0. ?.
0s 0.
0. 19.

PAYLOAD PROGRAM
COST ESTIMATE
ROTE INMVZSY OPS TOTAL

29 1%
24w 13a
19, 13,
14. 13
Os {e
Gds 35
37« LB
127, i01.
Ge H
(1 e
ﬁu :L.
1. e
e e
1454 105,
1988 1969
1,00

1.00

G Be

27 G
16. Ee

1. j,.
4ih, 15,

Js
O
0.
Qe
0.
0,
Ve
U
Oe
A
de
Ge
Ve
9.

1330

de

0.
"N

Ve

45,
37
32,
31

(1Y

10,
259

ToTAL

S 340
3.6

1.

1986 1987 1988 1989 1990 TOTAL

165,
_305.
3.

259
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TORS CASc
HE
SUBSYSTEM IRY
ST<UCTUR: Dby

ELzCTRICAL POWLR 356
TRACKING + COMMANG 77
STASILITY,ZONTROL 145
PROPULSION j

u

SPACECRAFT 1236

MISSION EZQUIPMENT 368

SATELLITE 13354
AGE

LAUNCH SUPPORT
GROUND STATIONS
MISCELLANEIUS
SE AND TO

TOTAL

FISCAL YEAR
DESIGNS AND REDESIGNS
SPACECRAFT '
MISSION £QUIPMCNT

SATELLITE SCHEDULE
NEW (CURR REUSABLE D

FISCAL YEAR 1974 1975
FUNDING
ROTE g J.
INVESTMENT Os O
OPERATIONS Ua 0.

TOTAL e da

Table 7-40.

(2 of 15)

PAYLDAD PRIGRAM COST (MILLIONS OF 1971 DOLLARS)

IGHTS
ToTay
3.2
a9
77
81

v
gizé
k1]
2450

OTHER INPUTS

TYPE, £ND

WATTS, 570
ALT, "SYNC
TYPE, SPIN
TOT « 1MP. de

COMPLXTY, LOW

1978 1379 1980

1.93
i.00

Se 0.

U

197€ 1377 1978 1979 1980

3.
T
T

22,

2%, 11. de
19. ?. 1.
LY i, 0.

52. 19. 1.

Ga
G
O

REOUNDANT

cosT
DEV

1.000

1.000

1.000

1.0300
1.000

1.000

i.0060

1981 1982

e

FACTOR
PROD

1.00¢0
1.9U6
1.000
100G
1.000

1.00
1.40

O 3.

1961 1982 1983

i3, 2
8. 1
b

9. 11,
G 7.
1. 1.

2t. 49, 19.

BASIC AVG
ROTE UNIT
1040 1.5
7.9 1.2
8.2 1.9
7.5 1.8
0.6 0.0
33.7 6.5
12.7 4.3
46.4 10.8 &
2.9
1.0

g
1984
de
i.
1

1.

1983 1984 1985 1986

11 De
1985 1986
U O
1 U
T da
1e O

TDRS 1 Configuration C

1987

Js
1987
13.
8.
O

21

PAYLOAD PROGRAM
COST ESTIMATE
ROTE INVEST OPS TOTAL

38.
24,
25,
23,
0.
io2.
38.
140,
9,
0.
0.
1,
9.
159,

1968

Ts
1988
29,
19.
Te

49,

1“.
12.
18-
17
0.
6l.
41.
142,
0.
0.
0.
2a
2o
106.

1989

1.00
1.00

T
1989
1i.
Te
Te

19

0.
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ta
Oe
G
Be
de
Ue

o

N
ds
Q.
Q0.
9,
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0.
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79.
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g,
9
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3.
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TOTAL

3.0
3.0
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TOTAL
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Table 7-40. (3 of 15) TDRS 1 Configuration D

PAYLOAD PRIGRAM COST (MILLIONS UF 1971 OOLLARS)

TORS CaSt . REDUNDANT PAYLOAY PROGRAM
WEIGHTS SOST FACTOR BASIC AVG FIRST COSY ESTIMATE
SUGSYSTCM JRY TOTAL OJTHER INPUTS DEv PROD ROTE UNIT UNIT RDTE IWVEST OPS TOTAL
S3TRUCTURE 584 280 TYPE, £ND 12000 1400w 9,5 leb 1.5 28, 13, Ue Lie
SLECTRICAL POWER 339 360 WATTS, EX 1,000 1.000 7+9 1,2 1.3 24e 12, O 36,
TRAGCKING» CUMMAND 77 77 ALT, SYNC 1.606 1.000 8.2 1.9 2.1 25. 18. 0. 43.
STABILITY,CONTROL 145 €29 TYPL, SPIN 1.000 1.300 Tel 1.8 1.9 22+ 17, Do 39.
PROPULSION ] G TOT.IMP. J. 1.500 1.00840 el G0 .0 Qe de Ge Q.
SPACLCRAFT 1182 1566 33.0 6.3 6.8 99, &0, d. 159,
MISSION cQUIPMINT 368 368 COMPLXTY, LOW 1300 1.dli 12.7 4.3 Lo7 38, 41, e 79,
SATELLITE 1554 2334 4547 10s6 11.5 137e 101, Ga 238
AGE ’ 1.000 2.9 e 0. O -1
LAUNCH SUPPORT t.300 1.0 1.0 Qe 0. 9. D
GROUND STATIOHS 0. 0. Je 0.
AISCELLANEJUS ‘ 1. 2. 0. 30
SE AND TD e 2e de 11
TOGTAL 156. 105. Y. 270.
FISCAL YEAR 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1969 1990 TOTAL
DESIGNS ANO REDESIGNS
SPACECRAFT 1.035 o ’ 1eGs ’ LW 06 1Y
MISSIGN EQUIPHEINT 1.00 1.00 1.08 340
SATELLITe SCHEDULE
NEW (CURR REUSABLE } T Be T 0w T Be T TUe” O ¢ U YT 30 TR T TG
FISCAL YEAR 1974 1975 197€ 1977 1978 1979 1980 1931 1982 1983 1984 1985 1986 1987 1988 1969 1990 TOTAL
‘FUNDING . L . : DU/t i S T CnLTRTs IS 2RI e
ROTE Ge J« 168« 28e¢ 1de Ue Os 13, 28+ 104 Qe Ge O 13¢ 28 1d« G 156.
INVESTHENT ol a' 11. la. ?l 1' 0' 5. 18. ?‘ 1. 1. al sl 1&‘ 7. al __1“5..

OFERATIONS Ge 0. TT. wy L TR LY T I T 0 UV T TR L T de T 0 T Y

TOTAL e 0. 27+ 586« 18, 1. 0e 2te 47s 18, ¥ 1. G« 21+ 47e 18. Qe 270+
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Table 7-40,

QAaYLOAY PRISREM LOST
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LAUNCH SUPPQRT
GROUND STATIONS
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SE AND TO
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DESIGNS AND REDJESIGHNS
SPACECHAFT
MISSI06 eQUIPHMENT
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Je
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12.
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45
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L+00
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1973
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1.

19.

(4 of 15)

57 .
SYNC
SPIN

Ue

1479

(MILLIONS OF 1971 DOLLARS}
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TDRS 2 Configuration B
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Table 7-40.

TOr3 CASe

WE IGHTS

SUE5Y ST JeY TATAL
3T2JGTU=RC Tia £3i
sz LTRLICAL POW=F jdu 3384
TRAGKING s COMMAND 77 77
STAIELITY, CONT 0L Lob T3
PrROPULST M i u
SPAC-CRAFT 1240 2122
MISSION cUUIPHMEMT 364 ica
SATELLITE 1535+ 2494

AGE
LAUNGCH SUPPORT
GSRGUND STATIONS
MISCCLLANEIUS
3€ ARG TD

TOTAL

FISCAL YEAR
DESIGNS AND REDE SIGNS
SPACECRAFT
AISSION LQUIPHENT
SATELLITE SCHEUULE
NEW (CURR REUSABLE '}
REFURB (RATE=.399}

FISCAL YEAR 1974 13757°197e L

FUNOING
ROTE O Je 13.
INVESTHENT de De M
CPERATIONS Ua Js 3

TOTAL e Go 2Za

AT 4R THRUTS

TYPE, g0

HAT TS, 570
ALT, SYNZ
TYPcy SFIN

TOT w IMP e

COMPLXTY, LOA

{5 of 15)

1878 1379 1380

1,30
1,40

977 1974 1979 1980

Ji. 11. Je
i9. 7. 1.
1. 1. G.

56 13s 1

B PaYLUAD PR35<¢A41 CUST (4ILLIONS OF

COST FACTOR

Dev
1,300
1,400
1,604
1eudd
1.30¢

1,060

1,004

PROD

1+J0u
14000
1.008
ledol
ledibu

110“0

1971 DOLLARS)

1981 1982 1963 1984

o
0,

"1981 1982 1983 1984 i

EII
ds
nl

Lo

ﬂo“ n.'
bl u'

0. 0.
3 3
0. Oa
ey 7 3.7 12077 9,

JASIC AVG
ROTE UNIT
1€ 1.5
749 1e2
8.2 1.2
Teb Led
el 0ed
3.7 645
12.7 4.3

GHale 1048 1

2s9

1.9

1985 1986

Ua 1s D

N Za O

i985 1386

0. U. B.

6s 3. i.

6o - 3% 0.

ey

TDRS 2 Configuration C

FAYLIAD PROGRAM

MATE
TOTAL
18.
15,
18.
18.

0.
53,
36,

122.

3.

EN

D»

2.

S5

141,

FIRST CNST ESTI
UNIT ROTE INVEST UPS
1.7 10, 3. e
1.3 Be 7. U
2ol 8. 1. s
2l Be 140 e
0.0 (1 0. Je
Tali 34 35, e
447 13, 23. G
1.7 47e 5B 17
3. D« 0.
1'0 0. ﬁl q’l
Je Je I
1. 1. '
3. 2' u.
5S4, bl., 25,
1987 1988 1389 1390
O e 1s G
' O 2 0.
1987 1988 19897 1390 Y@
n- ﬂl D! . Dl
J. G, 2.
0. Be B Ge.
T 3. 12. 8s Do
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Table 7-40. (6 of 15) TDRS 2 Configuration D

PAYLUAD PRISRAM COST (MILLIONS OF 1971 DOLLARS)

TORS CASE PAYLOA) PROGRAM
WETGHTS COST FACTOR BASIC AVG FIRST COST LSTIMATE
[UG5YSToM Y TATAL  OTHER L I2UTS JEV  PROD ROTE UNIT UNIT ROTE IAVEST QPS TOTAL
ST4dCTURS Sdu 545 TYPI, N 1,000 t.500 9.5 1.4 1,5 9 7 Ue 15.
Lo S TRICAL PORe™ 344 240 NATTS’ 5770 1040 1.34Qu 749 1.2 1.3 -1 7T Ja 15.
TRACKING s CIMHEND 7Y 77 ALT, SYdc 140808 1.50b 3.2 13 2.1 Bs 1l ds 18
STAHILITY,,COMTAOL 145 GZ3 TYPoy- SPIN leQul 1eddd Taks 148 1.9 7 ED de 16+
ARNPULSLIIN u y TITLIMP. 0. 1,008 1.000 Jei Ga0 da0 De Je Ue De
S3PACLTHAFT 1182 1965 33.0 63 6.8 32. 33, de 65
MISSICH SGIPMeNT 364 3G COIMPLXTY, LOW leuud 1eldu 12.7 493 Lo? 13. 23. O 36
SATeLLITE 135y  c33u 457 1lie8B 1145 45. 56. 17, 118,
AGL Le UGG 249 3 Ja U 3.
LAUNCH SUPPORT 1.0G0 1.4 1.0 Qs Os 9. G
GRCUND STATIONS O» Jde , U G
HISCELLANEOUS 1. 1. U 2.
SE AND T2 3. 2 ds S
TOTAL S2a 53. F4-13 137,
FISCAL Y:AK 1976 1379 19337 19381 1982 1983 1384 1985 1986 1947 1988 1989 1390 TOTAL
JESIGNS AND RIGESIGNS
SPACECRAFT 1avi i.0
AISSION cQUIPMINT 1eldy 1.0
SATELLITe SCHeEDULE .

NEW (CURR REUSABLE ) 3 Oe O c, 0. Ge Ue 1. J. O Oa 1. 0. S
REFURB (RATE=. 394} de da Ua B L [ 3% G 20 Je 18 | 2e Oa LYY

FISCAL YeAR 1974 1975 197¢ 1977 197871579 198071961 "198Z 1943 1944 71965 1986 1987 1988 1939 1990 TOTAL
FUNDING C

RDTE e A 14, 28 10 O 0. Oe Ge be de Us 1 0. G da O 52
INVESTHENT Ge G 3. 1a. 7e e 1a  de B 3e  Be 3o 1. 3. 6. Ze 0. 53,
QPERATIUNS Je Jdoe [ 1. 1. Oe Oe 119 G 0 Be 6 e ' Ge Ge 0. 26,

TOTAL e O 22 47 14, ie 1ls 0 [ 3. iz, 9, 1. 3. 1z, da 0. 137.
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Table 7-40. (7 of 15) TDRS 3 Configuration B

PAYLOAD PRIGRAM COST (MILLIONS OF 1971 DOLLARS)

TOxS Casec PAYLOAD PROGRAM
WEIGHTS COST FACTOR  3ASIC AUG  FIRST COST ESTIMATE
SUBSYSTZA JRY TOTAL OTHER IAPUTS DEV  PROD RITE UNIT  UNIT  RDTE INVEST OPS TOTAL
STRUCTURC 519 €19 TYPZ, END 1eubd 14000 3.7  l.4 1.8 16, 10s 0. 20
Lo CTRICAL PUNGR 253 259 WATTS, 574, 1,003 1400 749 1.2 1.3 O T 17.
TRACKING , COMMAND 5y 55 ALT, SYNC 14006 14000 6:5 141 1,2 Bs  Be D i,
S5TABILITY,CONTR0L 31 437 TYPe, SPIN 10000 14004 509 142 1.3 Be 94 O, 15,
PRGPULSION J ¢ TOT.IMP. . 1,006 14300 0.0 0.2 Ga0 J.  d.  d 0.
SPACECRAFT 1019 1365 ' 300 5.1 5.5 30. 36, d. 664
MISSION 2QUIPMENT 350 355 COMPLXTY, LCW 10800 1aB0u 1245 442 4eb 37« 29.  de b6
SATELLITE 1369 1715 4205 9.3 1J.1 B7+ &5. 26. 158,
AGE 1sGul 2.9 3. 0 3.
LAUNGH SUPPORT 1.060 .8 .8 g. 08, a. a,
GRUUND STATIONS O 0.
MISCELLANEOUS 1o le  ds 2.
SE AND TD e 2. Q. Ba
TOTAL 75, 68, 35. 178,
FISCAL YEAR 1978 1979 1980 1961 1982 1983 1984 1985 1986 1687 1988 1989 1330 TOTAL
DESIGNS AND RZDESIGNS
SPACECRAFT 1.00 : ' ' 1.0
MISSION EQUIPMENT 1460 1.00 1,00 3.0
SATELLITE SCHEOQULE o
NEW (CURR REUSASLE ) 3o W T e fe T be de 087 Ge e Gs 0 0e Ta BT 7.
REFURB (RATE=,393) Ge 0. @ 0o De 2. Qs Gs 04 0o B¢ 2o B 4.
MAINTENANCE FLTS 0+0003.000G,0000400000060 +6006+3000.0000+0000+0000.600 +6000.000- 14200
FISCAL YEAR 1374 1375 197€ 1377 1973 1379 1980 1961 1982 1983 1984 1985 1986 1987 1988 1939 1390 TOTAL
FUNDING
ROTE 0o © Be 124 2700 R0 0T TOSTTUT T 0707738 00 WS T 8. T 7. 30 0. T TES
INVESTMENT J¢ 8. 7. 1Bs B. 2. ke Ba  Te 24 24 Be 25 3e Be Qs s Bl

OPERATIONS de Y Qe s ;i Gf [l"l‘ ran B- ] Bo Ag.‘ _ﬂ, o lﬂ._“_ q. B Be - 8 ] l,:l. ___A__isl

TOTAL Ja 0. 19, 45. 17. 2. Ly Bs 22, 13, 2e 6. 2e 6. 21. 11. "N 178,
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TORS CAaSe
WEIGHTS COST FACTOR BASIC AVG FIRST
SUBSYSTIM JFPY TOTAL  OTHER INPUTS Jev  PROD RITE  UNIT UNIT
STRUCTURE Aok zh4 TYPZ, ZND 1v0C00 14300 10.u 1.5 1.7 1d.
cLECTRICAL PQWer 3y 380 WATTS, S74d 1edJo L1eduu 749 1.2 1.3 -2
TRACKING y CIMMAND 77 77 ALT, SYNG L.00u t.000 8.2 1.9 2.1 L
STABILITY,CONT=OL 145 S TYPE, 3PIN leudd 1,000 745 1.8 240 8.
HFROPULSIUM U 0 TOT+IMP., . 1008 levlu del Oed B.0 Ja
SPACECRAFT 1280 2122 33.7 645 Tel 34,
MISSION <QUIPMENT 3J&d Jud COMPLXTY, LOW leddU labvy 1247 b3 4a7 3a.
SATELLITZ 1554 2450 46,4 1048 11.7 T2e
AGE 1a.U00 2.9 3.
LAUNCH SUPPORT 1.00v L1ed leid Ue
GROUND STATIONS 0.
AISCELLANEQUS i,
SE -AND TD 5e
TOTAL 81.
FISCAL Y:oAKk 1978 1979 1340 1381 1942 1983 1984 1985 1386 1987 19868
DESIGNS ANJ REDESIGNS
SPACECRAFT 1.08
MISSIUN EQUIPMENT 1.30 1.40
SATELLITc SCHEDULE
NEW {CURR REUSALLE ) 3. g, U, 0. G 1. . 2, e 6. 0.
REFURB (RATE=.391} Ue Qe Ga ' Je 2 G e s O 0.
AAINTENANCE FLTS 0.,0000.0000,000040000.000 «5000.000G0.0000,0006,0000.,000
FISCAL YEAR 1974 1375 1G7€ 1377 1973 1379 1380 1981 1962 1983 1984 1985 1986 1987 19288
FUNDI NG
ROTE G G 15, 29%. 1itl. 0. Ue 3 T 3. 0. 0a 0. 3. Te
INVESTHENT Ul au :3. 190 7. 1- 1- “c 3. 3. 1. 1- 0- ‘il 3‘
OPERATIONS ds 3. T N 1. O 0. ' Be 8. de s Ja ' 8.
TOTAL e dae 24+ 52a 19, 1. 1. 7o 23s 1lu. 1. 1. 0. 7« 18.

Table 7-40,

PayYLOaD PRISRAM CO3T

(8 of 15)

(YTLLIONS OF 1971 QO0LLARS)

TDRS 3 Configuration C

PAYLOAJ PROGRAM

SOST ESTIMATE
RDTE INVEST OPS TOTAL

8. 0. 18,
?. G. 15.
10, 0 18.
16, ' 18.
U ds 0«
35. Je 59.
23, Ue 6i.
584, 28. 1548,
0. 0. 3.
Da ED 9.
0. 0. 0.
1. U. 2.
2- 0- 7‘
Bbl. 37, 179,
1389 1990 TYOTAL
1.0
1,00 3.0
1. O S
2. G» LY
+5000.000 1.000
1989 1990 TOTAL
Je [ 1Y 8l.
[ e 61l
8. 0. 37.
11, ') 173,
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TOURS CASt

SUBSYSTzM
STHJCTURE
tLeCTRICAL PCOWZR
TRACKING+CIMMA 4D
STASILITY,CONTROL
PROPULSION

SPAC:CRAFT
MISS10N ZGJIPMCMNT
SATeLL iTe
AGE
LAUNGH SUPPONT
GROUND STATIONS
TISCLLLANE JUS
3¢ AND TO
TOTAL

FISCAL YcAR
DESIGNS A4MD REDESIG
SPACECRAFT
MISSION EQUIPMENT
SATELLITE SCHEDULE
NEW (CURR REUSABL
REFURB (iRATeE=, 390
HAIMTENANCE FLTS

FISCAL YEAR 1974
FUNDI NG
ROTE '
INVESTHENT Ue
OPERATIONS ve

TOTAL Js

Table 7-40.

PAYLOAD PRISRAM CUAT

We TOHTS
JRY TaTaL
S8y 284
Isi 33q

77 77
Llus c29

1] U
1182 1960
3es ol
1350 2334
N3
E )

}

1975 1976 1

Jde 1hs
Je 8.
J. a‘
3e 22,

OTHER TINPUTS

TYPE, ENT

WAT TS, 570 .
ALT SYHC
TYPc, SPIN

TUT . IMP.  O.

COMPLXTY, LCW

(9 of 15)

TDRS 3 Configuration D

GOST
DEV
1+ 44l
1. :JJU
1.uG0
1.000
t.000

1. 009

14004

FACTOR
PROD
1.000
Leduid
106G
1.000
llaﬁu

ledl0

1.600

(MILLIONS GF 1971 DOLLARS)

PAYLOAD PROGRAH

1978 1379 1980 198 1982 1983 1944 1985 1986 1987 19688 149589

1.0G
1.60

3. O
G- 0'

Gl

[N

Gl
0-

1.0¢
Qo 1.
n. 2.

0+000J40000¢0u0UJ0L0.000 +5000+0000,000040090.0000.000 450044000 14000

377 1978 1479 1950 1981

2B+ 1@ us
18‘ 7. 1.
3' 1. . O-.

49. 18. 1.

3.
4,
G

7o 3»
8. Ja
8. 8.

Te 23¢ 14,

1982 1983 1384

345IC  AvG FIRST COST ESTIMATE
ROTE UNIT UNIT ROTE INVEST QPS TOTAL

Je3 1.4 1.5 ED 7 Ua 16.

749 1.2 1.3 . 7 ) 15%.

3ed 19 2.1 B 140 e 18,

Tel 1.8 1.9 Te E '8 16.

Jel Gs0 Jel Je 0. O Ua

33.L 643 be8 32. 33. Us 85,

1247 43 LeT7 38. 23, Ue 61 .

G0.7 l0s6 11.5 ST 56 27 L

249 3 O e 3.

1ed 1.0 i 0 Je 9.

Go 0 O 0.

1. e e 2e

L) 2. O 6

78. 589. l&. 173.

1990 TOTAL

1.0

1.00 3.0

5! OI J. 0. D. 1- D. 5-

0. 0. G 0, O 2 G b

1985 13986 1967 1988 1989 1390 TOTAL

&o'" O G- 3. 7- dgﬁ B. - ?S:

1. 1« Ue 3. b 1 Os 59,

8 Q¢ 6. 0, B. 8. Ju _ 36

1. 1. De 6. 19, 11. e 160.
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Table 7-40.

PAYLOAD PRAIGRAM COST (MILLIONS OF 1971 DOLLARS}

TOHRS CASE

WEIGHTS

SU3ISYSTCHA JRY TOTAL
STRUELTURE 519 €193
CcLECTRICAL POWER 2549 259
TRACKING s COMMAND 50 53
STABILITY,CONTROL 91 437
PROPULSEON G 1]
SPACECRAFT 1919 1365
MISSION cQUIPMENT 350 354§
SATELLITe 1363 1715

AGE
LAUNGCH SUPPORT
GROUND STATIONS
MISCELLANE JUS
SE AND TD

TOTAL

FISCAL YZAK
DESIGNS AND REDESIGNS
SPACECRAFT
MISSION EQUIPMENT
SATELLITE SCHEOQOULE
NEW (CURR REUSABLE )
REFURB (RWTe=, 390)

FISCAL YEZAR 1974 1975 197€ 1377

FUNDING

ROTE Je de 12.
INVESTMENT J. 0. 7.
OPERATIONS Ue a. G

TOTAL d Js 19,

OTHER INPUTS

(10 of 15)

TYPL, END
WATTS, 57d.
ALT, SYNC
TYPE, SPIN
TOT+ IMP.  Je
COMPLXTY,; LOHW
1978 1979 19380
1a00
1,030
3. Ge Ue
a‘ a. n'
1978 1379 1984
27. 16' a' u'
16. € Ze T
3. 1. Qe G
4be 17. Ze e

cosT
OEvV
1.000
1e0ul
1,030
1,000
1.6G00

1.3000

1.004

FACTOR
PROD
1.000
laalid
1.000
1.000
1.06G0

1.069

1.006

3AS]
ROTE
9.7
7+5
6.5
5:9
0.0
33.0
1245
“2- 5
249

1981 1982 1983 1384

1.
Qe

0. 1.
Goe 0.

1981 1982 1963

De
e
1

b

' Ge
B 7
n. El
‘s 12

1.
2

1984

C AvG
UNIT

)
1.2
1.1
1.2
0e0
Ss1
le
Je3

8

!

TDRS 4 Configuration B

FIRST
UNIT
1.6
1.3
1.2
1.3
Gal
5.5
Geb
Jel

«8

PAYLOAD PROGRAN

GOST ESTIMATE

ROTE INVE3ST OPS TOTAL
10. 13. 0' 23.
a' 11. IJO 19'
6., 11, Qs 17
[ il. Do 17
Oe Je ds Qs
3ds 4B [1 Y -1
12, 39, 1Y S1e.
42+ B85, 22. 149,

3. Oe Ge e
D Je 13 13.
B. 0. ﬂ- 0.
1. 1. e 2.
3 Z2e e S

49, 88. 33. 172

1985 1986 1987 1988 1999 1930 TOTAL

a. n-
Oe ds
138% 1985
Oe G
2. Ge
D '
Za 6o

i.
e

1.0
1.0
1. 1l 1. 9,
Ga 2 2e ) B

1987 1988 1989 1990 TOTAL

Ua
Te
1.

8.

0 Je 0, 49,
9. Ts To -1
Se 10. Se 35.
14. 7. & 172,
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Table 7-40.

PAYLOAD PRIGKAM COST (MILLIUNS OF 1371 DOLLARS)

TORS CAaSe
We IGHTS
SUBSYSTEH ORY TOTAL OTHER IYPUTS
STRUCTURS -2-1} £34 TYPL, END
ELELCTRICAL POWER 380 380 WATTS, 570«
TRACKING , CIMMAND 77 7T ALT, SYNT
STABILITY,CONTROL 145 s81 TYPE, SPIN
PROPULSION J G TOT.IMP. e
SPACECRAFT 1286 212z
MISSION EQUIPMEINT 3a8 368 COHPLXTY, LGW
SATELLITE 1654 2490

AGE
LAUNCH SUPPORT
GROUKD STATIONS
MISCELLANEQUS
SE AND TO

TOTAL

FISCAL YEAR
DESIGNS AND REDESIGNS
SPACECRAFT
MISSION EQUIPHMENT
SATELLITE SCHEDULE
NEW (CURR REUSABLE )
REFURB (RATE=,3%0)

(11 of 15)

COST FACTOR

DEV
1+ G400
L.000
L. 400
1.000
1. 000

1000

1. 000

PROD

Ledid
1.06G06
1.5300
1.30¢0
1.000

1.004d

1.000

3ASIC AVG
ROTE UNIT
1ds0 1.5
749 1.2
8,2 1.9
7.5 1.8
.0 Gl
33.7 65
12.7 4+ 3
LT XY

2.9
1.9

1978 1379 1980 1981 1982 1983 19334

1,00

1.00
KO PO
de O

.0. 0.“
0. 0.

G. 1..‘“7
Elo al

G

TDRS 4 Configuration C

FIR
UNI
1.7
1.3
21
41"
0.0
70
47
11.7

1.0

ST

10,
8.
Be
Be
a.

34,

13-

47
3.
'Y
Ju
1.
3.

54

1385 1986 1987 19838

2

0.

- P PO P

De O

PAY. . QAD PROGRAM

“OST ESTIMATE
T RDTE INVEST OPS TOTAL

il.
g.
14e
14,
Je
43
33.
31,
Y.
e
de
le
2

_ _8‘!-

1549

.

de

G
0.
D.
Ue
3o

O

23,

1990

o

de

21,
17
22
22.
0,
82
46,
14t
3.
10.
0.
2e
B
161,

TOTAL
Y]
1.0
L
3

FISCAL YEAR 1974 1975 197€ 1977 1978 1979719870 19871 19872 1983 1984 1985 1986 1987 1988 1989 1995 "TOTAL

FUNDING
ROTE e 3. 13.
INVESTHENT e Q¢ 9
QPERATIONS e O i

TATAL We 022

30. 11, 0.

197777 7]
3. 1. U

B-T-T R & PR TR T TR - R PR TR

Us U

B TR TR -3

Ue Ge

D. DI u.
TS TTBe T
O Q. 6.

s 0. Qs e e
2o T 9T TH. TES
O Qe 3. Ge O
T T2e T T3 12y 18, 2.

_ 54,
84,
23s

161,
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Table 7-40.

TORS CASE

HEIGHT
SUBSYSTeM 72y 7107
STRUCTURS EL- I g
ELECTRICAL PQWCR jou 3

TRACKING y COMMAND 77
STAGILITY, ONTROL 145 <

PROPULSION d
SPACECRAFT 1162 1%
MISSION cQJIFMENT 364 3
SATELLITC 1350 23

AGE
LAUNCH SUP2QRT
SROUND »>TATICNS
MISCELLANEOQUS
SE AND TU

ToTaL

FISCaL YCAR
DESIGNS AND REDESIGNS
SPACECRAFT
MISSION EQUIPMENT
SATELLITE SCHEDULE
NEW (CURR REUSABLE )
REFURB (RATE=, 390)

FISCAL YZAR 1974 1375 1378
FUNDING
ROTE Ce Je 13,
INVESTHMENT Ue Je 8,
OPERATIONS e Je ée

TOTAL Je Oa 21

PAYLOAD PRIGRAM COST

3

(12 of 15)

AL QTHeR IHPUTS
30 TYPC,
a8, WATTS,
77 ALT,

29 TYPL,

0 TuT,IMP,

b

END
XAV
SYNC
SPIHN
H

68 COMPLXTY, LOW

34

1977

24
18.
5.

52,

1974

1.04d
Leli

3.
Ce

1978

10
7s
1,

i8.

1379 1980
[ ] ai
I-.ll ul
1379 13837
a. al
1. 1.
Uo u.
1, i.

IMILLIONS OF 1971 DOLLARS)

COST FACTOR

oey
1.0600
1,006
1. 00
1,000
1. 9ul

1edun

1.060

PROO

1.8vd
levui
1«dbu
1.d40
1.J¢C

1.J09

1,036

1381 1982 1983

de
Ue

G 1.
0. de

1981 1982 14983

ve

LS

3.

Ue Qs
Ge 5.
a. n'
B 5.

BASIC AVG
RATZ  UNIT
a5 leu
79 1.2
3.2 1.3
Tals 1.8
del .0
I3.0 6ed
12.7 bhe3
45,7 10.6 1
2.9
1.0
1984 1985 1986
Us 1. G
Ge 2a Ga
1368% 1985 1986
Ga e de
B 3. 2e
Se 5. Ge
11. 8. 2.

TDRS 4 Configuration D

PAYLOAD PROGRAM
COST cSTIMATE
INVZEST OPS TOTAL

FIRST

UNIT ROTE
1.5 9.
1.3 B
2el 8,
1.9 7.
Gl 0.
6.8 32,
4ol 13,
1.5 “5.
3.

Led de
Ge

1.

3.

52

1987 1988
0. U

O O«
1987 1988
ul 0.

3. g.

Q0. 3.

3. 1z.

i0.

gl
1“.
13.

dl
4Be
i3.
79,

82,

1389

i.
1.

1989
ds
8.
3.

11.

e
Ve
Ga
0.
ul
de
Us
12,
0.
1G.
O
g
u.
22,

1990

1.
ﬂl

1930
DI
t-H)
U«

2.

19,
17,
22,
20,
Ca
78,
4B
136,
3.
10
0.
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Table 7-40,

(13 of 15)

PAYLOAD PrRIGRAM

TORS Casc
. WEIGHTS
SUESYSTEM IRY TCTAL
STrULTURL 61y el
ZLECTRILAL POMIR 2E9 c23
TRACKING+ COMMAND Zu 5J
STABILITY,GONTROL 91 437
PROPULSIIN u u
SPACECRAFT 1313 1365
MISSIUN cQUIPMZNT  3Ye Jou
SATELLITE 1369 1715
AG:Z
L AUNCH SUPPQRTY
GRCUND STATIONS
AISCELLANEQUS
SE AND TO
TOTAL
FISCAL YcaAR
OESIGNS AND ReDESIGHS
SPACECKAFT
MISSION EQUIPMENT
SATELLITE SCHEDULC
NEW (CURR REUSABLE )
REFURB {(RATE=.390)
FISCAL YCZAR 1974 1375 197¢ 1
FUNOING
RDTE Ve Je 12
INVESTMENT de Js 7.
OPERATIONS 9. Oe 0.
TOTAL Ge G 19.

OTHER THRPUT3
TYFE, ENO
WATTS, 57¢ .
ALT & SYNC
TYPE, SPIN
TAT 4 IMP. Je
COMPLXTY, LOW

1978 1379 1
1.00
1.0
ED) de
Ge de
377 1978 13791
27«  10a "
16, Bs &
- 1. e
- TO - T

TDRS 5 Configuration B

COST (MILLIONS OF 1971 DOLLARS)

330

Qe
D«

389

COST FACTOR

OEV
i.000
1+3vu
1.¢00
1. 009
1000

1.0

1.000

1981

T8 T18a7

i19.

PROD

1:3u0
Ls0du
1.050
1,008
1,000

La000

1.000

1982 1983

ﬁ. 3.

Us Ue

1982 1983

DI 0.
i1,

1. 6o

Y S

BA3IC AVG
ROTE UNIT
9«7 1.4
7:+9 1.2
645 1.1
5.9 1.2
Ge0 0.0
3de0 541
125 bel
4245 9.3
2.9
+8
1384 13985 1
i, Use
- O
1984 1985 1
Us Ue
2 Se
Se [/
Te Ee

PAYLOAD PROGRAM

FIRST COST cSTIMATE
UNIT ROTE INVEST OPS TOTAL

1.6 10 19. 0. 29.

1.3 : ) 16 Gw 2he

1.2 6' 15' n. 21.

1.2 Be 1B 11 22,

ged G by e O«

55 Jds B6, da 96

4eB 12s 55, Ua - Y )

10,1 42, 121. 29, 192.

3. Qe Ga 3

» 8 G Ja 18, 18.

Ba Ge O« 0a

1. 2. u. 3‘

3. 2. u. 5.

43, 1254 47 221,

986 1987 1988 1939 1390 TOTAL

1.0

1.0

Be 2. Oe 2. 1. 134

O« O Oa i Z2e .

986 1937 1988 1989 13490 TOTAL

Qe O Ge Ja Ge 49,

11. 10. 13. 9. 2. TiZ5,

1. i 14. 15. Se 47,

1‘2‘. 11. 2‘3. z“. T L] ._221.
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Table 7-40.

PAYLJAD PRJIGRAM COST (MILLIONS OF 21971 UOLLARS)

TORS CASE
WEIGHTS
5U35Y5TeN ARY TOTAL
STRUCTURE 584 cdh
“LECTRICAL POKWCR 360 330
TRACKING+COMMAND 77 77
STARILITY, JONTROL 143 g81
PROPULSION ] J
SPACECRAFT 1286 2122
MISSION £QUIPMENT 368 368
SATELLITE 1654 2430
AGT
LAUNCH SUPPORT
GRCOUND STATIQONS
MISCELLANEOUS
SE ANJ TO
TOTAL
FISCAL Y:ZAk
DESIGHNS AND REODESIGNS
SPACECRAFT
4ISSION EZQUIPMCENT
SATELLITLZ SCHEDULE
NEW (CURR REUSABLE )
REFURB (RATE=. 394)
FISCAL YEAR 1974 1975 197¢ 1
FUNDING
ROTE Je Je 13
INVESTMENT Ja i &,
OPERATIONS Oe 0. e
TOTAL 0. de 1.

COST FACTOR 3ASIC AVG
JTHER IAPUTS DEV PROO RDTE UNIT
TYPZ END 1.000 1.904 id.0 1.5
WATTS, 573 1,300 1.J0u 7.9 1.2
ALT, SYNC Ls000 1.00C 8.2 1.3
TYPE s SPIN 1.000 1,008 7.5 1.8
TaT«IMP. I'g 1.000 1.0006 Del 0«0
33.7 Be5
COMPLXTY, LONW 1ed00 1edOtL 12.7 4ol
Lba.4 1U.8 1
1.050 2.9
1,008 1.0
1973 1679 1380 1981 1982 1383 1984 1985 1985
1400
1.00
3. Oy 0. 0o U 3. 0o’ 1. Je
Ue Ge Qs Je Ua [/ 0. 2 Da
377 4978 1379 138071981 19682 1983 1984 19851986
3. 11, 0. ds O Ge 1% O G G
isa, T 1. 1. 3. 18, 10. &, Lo 3.
2 1. G ' De 1. 1. -1 Be 118
50 19, i. i. 9, 19, 1i. 12. 1id. 3.

(14 of 15)

TDRS 5 Configuration C

1987

1.
Q.

1987
G
7.
Qe

Te

RDTE INVEST QPS

10,
8.
8e
8.
0.

34,

13,

47,
3.
0.
0.
1.
3.

54

1988

O
0.

1588

PAYLOAD PROGRAM

COST ESTIMATE

15
13,
21
19.
Je
Bg.
“6'
115.
n-
De
u.
2a
2.
119.

1989

2.
1-

1989
(11
1.
Y

20.

O»

36,

13940

1.
2

i%90
0.
1e
-

7.

TOTAL
26
21
29
27,
Oe
1&3'
59.
183.
3.
15.
0.
3.
5.
2d9.

ToTAL

1.0
1.0

i1,
S5

TOTAL
-1
i19.
36

209,
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TORS CASE

SUBSYSTLA

STRUCTURL

ELECTRICAL PUWIR
TRACKING » COMMAND
STABILITY,CAONT=CL
PROPULSIUN
SPACCCRAFT
4I3SION eGUIPMInT
SATELLITE

4GE

LAUNECH SUFPORT
GROUND STATIUNS
MISCELLANEOUS

SE AND TO
TOTAL

FISCAL YZAR

DESIGNS ANJ REDESIGNS
SPACECRAFT
MISSION cQUIPMENT
SATELLITE SCHEQULE

Table 7-40,

PAYLOAD PROSRAM COST (MILLIONS OF 1971 OOLLARS)

WEIGHTS
JFY TOTAL
384 28y
33g 3345

77 77
143 c29

u 7}
112 1366
jub 368
1359 2334

NEW (CURR REUSABLE )

REFURB (RATE=. 390)

FISCAL YEAR

FUNOING
ROTE

INVESTMENT
OPERATIONS

TOTAL

1974

D.
e

ue

1975 197¢ 1377

'JI 13.
Je B
Qs d.
0« 21.

(15 of 15)

TDRS 5 Configuration D

CasSY FACTOR BASI
OTHER I 4PUTS DEV PROD ROTE
TYPE, END 1. 000 1.040 9.5
HATTS, 57de 1s J0u 1lebdu Te9
ALT, SYNC 14000 1.200 8.2
TYPE, SPIN 1,000 1.000 Tel
TOT.IMP, U 1.400 1.900 [ P]
33.0
COMPLXTY, LOW 1.0u8 1.000 12.7
457
1.000 2.9

100G
1978 1379 1984 1981 1962 1983 1984
1400
1.00

3e (TR PR 1 1Y Ge 3¢  de

Ge Ue de Geo " U 11

1978 1379 1980 1981 1982 1983 1984

29, 1 de Ge de Ga U de

18, 7« 1. 71V 0 8, 18, 9. Be

P 1. Oe 'S ' 1. 1. O
W9, 18,7771, Ti. 79, " 19. 1L 12y

C Aayoc FIRST
UNIT UNIT
1.4 L+3
1.2 1.3
1.9 Zel
0.0 val
B6e3 BaB
bed Hel
10.6 11.5
1.0 1.6
1985 1386 1987

1. G le
2a g, Ge
1985 1986 1987
Oe ' Os
ba 3. 7.
Ge G 118
“18. T T " Te

13.
45.
3.
Ge
0
1.
3.

52'. ~

1388

Je

PAYLOAS PROGRAHM

(OST ESTIMATE
ROTE INVEST OPS TOTAL

15 Us 24
i3, ' 21le.
21 Ue 29.
19 Oe 2bs.
e Oe de
B s 160,
Lize 0. 53,
1liee 21 180.
e Je 3.
e 15 15.
{i' u' a.
2 0. 3.
2 Oa S
118 36, 206
1989 13990 TOTAL
1.0

1.0

2 1. i1,
(¥ P-4 Be

G.

1988 193971990 "TOTAL

Oe
15.
La

“ygee

1a De
IV T 2.
EH 6
% PRI - P

52,
ST
36s

206,



i8=L

Table 7-41, (1 of 15) Individual Program Cost Breakdown - TDRS 1 Configuration B
{Millions of 1971 Dellars)

LAUNGCHED FROM ETR

3PACE TRANSPIRTATION SYSTEM

SCHEJULZD) QUANTITIES pPROGRAM DIRECT COST
LAUNGCH VEHICLES
FISCAL PAYLOADS T30/ SHTL TuG TuUG L AUNCH
Ye iR NeW rRoFUR3 o SHTL EXP PAYLOADS VEHIGLES TOTAL
19764 Ve ve bl Uaed Jell Jel aed del Deu Ba ds e
14975 ba G Gal Jev dal Ve b Yai} Ded Jed O Qe Ue
T 197¢ Ve de ey Jel Jel Bed Bal Jaeb Weld 19. It o 23s
1977 v G Gs0 340 GG D40 040 Gau 0.0 47 9e 56,
1978 3‘ ao 1-'] iJoLu alu U!D Uua UOU IJ-U 19- 3. 220
19?9 Je Ge \J-O 0w Jed D-G Geu Ded dell ['9% O b
138U 1 Use Geuw Jel 'Y Cel B o8 Jeu 2a =N 11,
13981 ite La Ueo Jeb el Ged Gaeu Waed Q.0 19. ' 19.
13482 1 O Ge Jau el G0 Fa0 Oav Jad Lhe De LT
1982 3. Je 0.0 Jell O« Oe0 3.0 3.0 Oad 19. 33. 52.
1984 ds U el Jav Jel Gal Jel OQes de i 6 Oe Ba
198% 1 e Gell dw Ja0 Gell Ga0 Geid Gel 2 G 2w
1586 i [ Jed 0eG G40 04D 1.1 1i,1 0.0 Q. i2. 12.
1387 Ce Ve U0 Jeb Jeid Je 0 Dol 08 0.0 19, 1 19.
1988 Ue Ua 0.0 ol 00 Qa0 (el o0 e LI O. bhoy
1989 3. Us Cel Jel Jel Oal0 343 3si Jel 15 33. 4B e
1990 s G UeO Jod Oa0 040 Do QoG 0.0 d. Ue D
i991 Ge Ge Jed D50 Da0 0480 DeD Ted J.E i 19 [N
1992 Je G bs0 0ol Ual 0.0 d.0 Usd 0.0 Je I e
19493 Cae de Gel  Jal Dol Jed DaG Jal  Jal Qe Oe Ue
1994 e Ue GaD Jud Tel 04T 040 Dad 0ad a. 0. 0.
1995 0. Ja Ge@ 0a0 a0 040 Oe0 Dod Odev 0. 0. B
1396 g. 0. Gel Ul 040 Cel 0«0 0+0 0.0 Ge 0. O

TOTAL 1. Oe 1ahG Usl 0.0 0.0 748 7.3 0.0 259, 103. 362.



88-L

Table 7-41. (2 of 15) Individual Program Cost Breakdown - TD i .
1113 - RS 1 Conf
{Millions of 1971 Dollars) onfiguration C

LAUNGHED FROM ETR

3PACE THANSPORTATIUN SYSTeM

SCHEDULED GUANTITIES PROGRAM JIREGT COST
LAUNCH VEHICLES

FISCAL PAYLOJADS T30/ SHTL  Tus  TUS LAUNCH

YEAR NEW RIFURA c SHTL EXP PAYLDADS VEHICLES TOTaL
197« de e e Jel Jel Usi Jel Gwu Jeu D U ds
1975 v Je Vel Jeo Ui aed Geli deo Jed O de de
1976 ds de detd delb Oad 0ed (ol Ded 2ad 22, b 264
1377 e e Uell Jal Gal dal Gsl Dal el 52, Je 61,
1978 3. [ 1«80 JoU Je0 0.3 0a0 D040 J.0 19. 3 22,
1979 e U wse Del weld Jal wel ded  Jel 1. Je 1.
i9s¢ Ge Ca e Jel Gal Wi 2 2 0.0 198 2 2
1981 Goe e et el Ool SuaU OGe@ 0a0 040 21. "I 21,
1382 G Qe U«0 0.0 0.0 Dsd Oa0 0.0 .0 49, [+ 1Y I;Q.
1983 3. e Bl Deu Dal (el 340 3Ful ded 19. 33. 52
1984 Us e Lol Jel Gel Uail 0ol GoO Dol 1. 3a 1.
1965 U» Ue Gal Dol Jal Jed 048 0e0 8.0 1. De i.
1986 G e Geu deil Je4 dsd «2 2 Uel O Je 3.
1967 "I s Jel Jo0 Jel 040 el Dol 0l 21 Ue 21
1988 La Je Ged Jel Tald Ged Gad 0480 040 49. Oe 4.
1389 3. Us Jed Uel Ued 0.0 3.0 3.0 0.0 19, 33, Y-
1930 ls Us 0.0 D46 0Oe0 0.0 0.0 Gel Do0 Ds B Oa
1991 O D. Jel Gal 908 DOsb Oal Dol " Dad 0. ’ O« T
1992 Le Je Gat sl 00 deG Del ded 00 Ga Js Qe
1993 G ' ded Jel 0ed 0.0 00 Outu Ba0 1Y De Y
1994 0. Ce Coel 0wl JwB D& Tel J40 0.0 Oa O Qe
1995 fie e Gal Oe8 Dol 0.0 Dol Qs 0.0 O O O
14956 Da Ge Cell Dol a0 04l 043 Qa0 Jod O« Q. Oe

TOTAL D, G 1.0 Bel Jdad 0.0 Belt Gal Vel 274 87. 36l
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Table 7-41,

FISCaL
YZAR

13974
1975
1976
1977
1978
1375
1380
1981
1982
1983
1984
1385
1986
1987
19838
19389
1390
1351
1992
1953
1994
1395
1996

{3 of 15) Individual Program Cost Breakdown - TDRS 1 Configuration D
{(Millions of 1971 Dallars)

LAUNCHED FROM ETR

SPACE TRANSPORTATION SYSTEM

SCHEOULE Y QUANTITIES PROGRAM OIRECT COST
LAUNCH VEHICLES
PAYLOADS T30/ SHTL TUG TUS LAUNCH
HEW REFURS c SHTL ExP PAYLOADS VEHICLES TOTAL
l-.c '-Jo I’.sll.; Jeu U-’J Uod G.b&-ﬂ 000 B- Do U-
Ge '} Ged deld Gew Oeu Ued Usb deu O 0. Oa
Ge Je el J+0 040 Qo0 U0 Dded Qe 27, G 31,
i e Cel dad Jed dad Gel Dav Jed 50 Je 59,
3. e 1.0 Jdeu Jeld -0aD Gol Lok Oev 18. 3. 21.
“e e Leu e Je0 0u0 0406 OQeuv 040 1. 0. i,
Ve Ja bed Jeli del Ued 2 al De0 Q. 2 2
Goe be L0 Jeu B0 De0 G0 040 d.0 21, D 21,
Ge Ue Gad Oel D40 040 OCel GeD GoD U7 G 47 .
K Un Cob Tl D40 Jel 340 3.5 Gl 18. 33, 51.
s Qda Gau L} dad Ded Dei Geill 0.0 1. De 1.
Ju U [ deD G0 068 Do D.u G.0 i. [ i.
Le U Gel Ja0 Bad Jdel e 2 el Oe 3. 3.
ue Je veid Jel Dl QJed Del QCeu del 21. 0. 21,
0. Gs Gel0 040 0ad Do 040 0.0 Dded 47, G Y
3. O Gal Ual 0+0 040 30 30 D 18, 33. Si.
L Ue GeO D0 Dol D0eQ 00 043 000 0. O Qe
Le Ue Gad TWod DWd 0e0 TUel Gul Dol O De '
s Vs Led a0 U‘G ' P h Deb J.0 g, /1Y Os
0. Os Gl Jeti Oal Uel OGs0 0.0 Je0 D Qe de
O Ga Lel J.0 U.0 0.0 G0 0.0 0.0 O 0. de
s De GelU Jeu Ued Da0 DG 00 Ded O 0. Do
Ga O GeC Ue 040 Ded 040 UTeb Ual 0. 0. 0.

b s S ol A -

TOTAL

R Ue 1.0 00 040 040 6Hals Bol 0.0 270« 87, 357
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Table 7-41. (4 of 15) Individual Program Cost Breakdown - TDRS 2 Configuration B
(Millions of 1971 Dollars)

LAUNCHZ D FROM CTR

SPWCE TRANSPIRTATION 3YSTEA

SCHe ULZ) QUaNTITIES PROGRAM JIRECT COST
LAUNEH VEAISLES

FILLAL PaYLOuds T3Ds SHTL TUS  Tus CAUNCH

Yo AL e REFUR. C SHTL XP PAYLOADS VEHICLES TOTAL

LI97 = Ve Je el e FERT] e deu Gev e Je [ Js
197¢ e Ue Lec Ual  dau  del Lel Gel Dad G g Je
1376 L ie Qev del us vy Jed Gaid .0 21. [ 25,
L1977 e e Ged s dol Lel del De&G JeU 45 £ Sl o
13748 1. e leu Jeu Jais Uay del Ui Jai i9. £ 22
e Le L Jad uel Yed Jau Jew el Ja 0 Lo O LX)
1950 s U Ual Jel el Vel «8 » 8 Jel 2a e 1l.
139c1 G G Jaed Jal Je8 de b Jeu  Jsb Ged G [/ e
1362 u Ya Jeid Jed dal Gel Dol deu Jei e Js ’ 2s
1333 Ve Ce Lou Jad dad Gec Jdeu Qo J.0 10 Oe 10.
1354 i. 2 Ve ek Jad Uein 3.0 Sei dud q. 33. ‘02.
1365 - g st dael Uew Jed 0.8 bow 040 B 1Y 6”-
l3sé ie Ue veld dei ded dw Lel Llei Jed e 12, 14
1367 G e Led Jel el wed Qe el 340 3. Ue 3-
1384 Ue Us Gal  Jeu Dol Gol 3.0 3.0 ded 10. 33. 43,
1389 i. 2 fed el wels Dot Va0 Gel Do 7a 0. 7.
13%¢ Ga Ue a0 Ged Oa0 00 fai Gel ded Ds Oe Oe
1991 dn e dad OelT Sl a3 Gelb Goed el T Qe 0. b
1992 Ca use Ceu  Jau Je0 Dal Ge0 Le0 a0 "9 0. Ja
1393 U Us bad el 3.0 Ged Gel Gel Ja0 0. de O
1994 Ue D Gel' T00 000 70T Tel "Dal 0 260 Ca 0e De
1995 us U Geli Jel De0 Ge€ Del Gal Jdeb G D O
1356 e O Gel D40 1] Jed 0.0 Qa0 040 Q. o ”,91 .gn

TaTAL Te e lau Jal Jel e Teb 7Te8 Ged 164G, 103. 243
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Table 7-41. (5 of 15) Individual Program Cost Breakdown - TDRS 2 Configuration C
(Millions of 1971 Dollars)

LAUNCHEZD FS0M ZTR

DIACe THANSPIRTATION SYSTEd

SOHOTULL D GUanTITIeD PRUGAANT JIRECT COST
LAUNCH vEHICLES

FISGAL AuY L0l r3ss SHTL TUG TUG LAUNCH

Y uk AW~ FUR3 C SHTL EXP PAYLOADS VEHICLES TOTAL
L37u e . Cel  Jdab et Jseld  WLav Uev  deu O Jde Ja
Lirs s - Leud Jeu Jelb W o Deu Ual Ja0 De Je e
L1976 v e ged  Gel usy Deo JeD wew deu 22 b 2564
1377 S pE cwd Jeo usd del uab ded Jel 54, 9. 59,
147r 2 o lau Jai Jau Jei Jelb Uawvu ed 19, 3. 22,
L3172 S Ge [F vl 2.0 JaJd .0 wuaw Je i 1. us is
1l N . veu PR Jal bUevy Jel Gao Jay 1s de 1,
1381 T e e Jed e ge ) 2 .2 Jea Oe 2e 2
1362 ke de Gedd Gl del GeD 0.,G [H D44 De 0. Ja
1353 Ce Js Yeu Jeis Ja0 Ded Osu COuC Ded 3. de 3.
9B . L« dev Jaol del Gad ded Uau 00 12, Ve 12,
Labh 1a Zs Lau Jeu Jdel Qe d 3.0 3euw Jed D 33, 42,
13ne N T Lawu Jau Jel Jad Gau Dav ded 1. 0. 1,
1387 e Jda el deb Je 0 Uwid o2 2 9.4 3 3. Be
1398¢E da " Jaid Jsu Jde0 Ged 3. I Ge7 12, 33, 45,
1389 ie Za vl Jeb Ueis Gel 040 Jeu 0«0 8. [ Be
1994 " Ue Bea Jau Jel Jad U.0 Jed 0.0 0. [/l O
1331 Y d Jad  Jal Vel wed v Gal D.b ' e 0
1392 Ve s wel Jel U.0 el del Javw 140 0. D Oe
1933 Ga - Leu Jal Jel Jad OeG Gel Jall G G Je
1994 Ve ' dai Ja b Jed Usu Gell Goi Jed 0. G. 0.
199% N Ue 0.0 Jal Ja0 Jed ik Gau 0.0 G U ')
1399¢ Ve us Usd 0 Ja0 DG 0.0 0.0 0.0 0. G (119

TOTEL S be lev Jei Jdal Jed Bak Dels 0.0 141, 87. 228.
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Table 7-41. (6 of 15) Individual Program Cost Breakdown - TDRS 2 Configuration D
{Millions of 1971 Dollars)

LAUNCHED FROHM ETR

3AACE TRAWSPURTATION SYSTEM

SOHZIULI Y QUAMTIYIES HROGRAM OIRECT COST
LAUNCH vZHICLIS

Fruacat FAYLCAGS T3/ SHTL TUG  Tug LAUNCH

Yo AR oW R_FUM, c SHTL EXP PAYLOANS VEHICLES TOTaL
147w .. e o Jel Jew Len Jevu T Jel HEY J» de
L3375 “ I Lau Jeu e Geu Lal Geu Tel G 0. "I
1376 Ge e Leu Ja gal Jei vel awd Gad 22 LT 26
13977 Ue e wel dau Jed Jed g.0 lied 10 47« 9. 56
1978 Sa La 1ed Jey Jel Ged Js8 Q03 dell 18. 3 21l
13749 v e Led Jel Jei Ged et Law Jel 1. 0. L1a
138¢ G Ja Uel  wal sl ued Ul GLec Jad 1. e 1.
1381 U U ('] Jel a0 dad 2 2 Jel Oa 2 -
1982 ba La wall Jes Gad Jed Jel ded Jeid Ge O '
1323 Je Je Cet Jeu Jeu vaid Uush Jel usl 3 0. 3.
1984 e Us el Gadl D¢3 O0u0 Ol Gos e 12. Q. i2.
1388 1 Zw Vel Jeu Jel Gadd 3.4 340 usl G, 33. 42,
142 e da Je b Jeu Il Jel Jel Weu Jed 1. O 1.
14987 Le e Lal Geb Ued Le0 o2 o2 Jel 3. ) 3. G,
1948 e G Ued Gl 0.0 Do 340 3,3 240 12 33. 45
19¢9 1. Ze bed Qa0 040 0.0 040 Qe0 Qo 8 [+ % Be
1394 Ge G Ged dJaes J.0 del B.¢C Del g.0 Oe 0. qu
1391 v :'n 'C.J' j;b L‘I.C‘ OOJ_OOU I}-U J-ﬁ Go ‘ vo. L‘l;
1992 De T Qe JaL Jeu Da0 Vel Oeu Jed 0. 0. 0.
14993 Ja Js Ueu Jad Qe Uel 0a0 Jel Jed 0. 0« Do
1394 L e ded Oeb GeD Bed TDab 0.0 3.0 0, 0s ' T
1995 Co :Ao '].C L]ub ﬁ-a Doﬁ 0-0 OOU J-U Go UC 0-
139¢ Lo Do Geid 0aG Ded DaG Oul el 040 6. 8. D

TOTAL S e 1ad Jell Qa0 Ded Beh Bei el 137. 87 224+
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Table 7-41. (7 of 15) Individual Program Cost Breakdown - TDRS 3 Configuration B
(Millions of 1971 Dollars)

LAUNCHED FROM ETR

SPACE TRANSPORTATION SYSTEM

SCHEDULED QUANTITIES PROGRAM DIRECT COST
LAUNCH VEHICLES

FISCAL PAYLOADS T30/ SHTIL. TUuG TUuG LAUNCH

YEAR NEW REFURS G SHTL £XpP PAYLOADS VEHICLES TOTAL
1974 be Ue Deld J42 Delb 00 De0 Deu Qo O 0. O
1975 G G (a0 weud UsD Qe Del O+0 Qa4 . Q. 4
1976 Ge Ue Ged Jded W0 B0 04f 00 Jad 19, b 2%,
1977 ua Js Gall Jev Uel UeD 0e0 GeO J.0 45, 9. Sira
1978 3. Jas 1.0 "] Oali Gal 9.0 2.0 d.0 i7. 3. 20.
1979 G Js Ge Ja0 Go0 Ded 0el Qel 0.0 2 g. 2
1380 O Ge a0 Da® a0 ds0 00 040 Qai b G bae
1981 1. Qe 0s0 Jel UGas0 ded 8 o8 del 8, B 17
1982 Ce O 0.0 déb 0.0 0,7 0.0 0.0 0.0 22, Ue 2%
1983 1, 2. Oell Do Dol Teld 340 30 e 13, 33, 46
1384 0. Qs Geld Je0 0.9 0.0 De0 000 Da0 2a 0. 2a
19485 Ue de Usl' Jel Fal WGed Ul UTeld dad B O» B
1386 ie ie Lol Jel U0 Ued 1el 1lel Dei 2 12. 14
1947 Ge ts Gal 0B 040 Qo0 0.0 0.0 3.0 6o 0. Be
1988 [ Q. I 0,0 0.0 0.0 D0 0.0 30 21, 'Y 21,
1989 i. - Q.0 Qe 040 Quf JFo.0 3.0 0.0 11. 33. L4
199¢ G Oe Dol ol 0e0 G0 OGsii 0.0 0.0 De D. B
1991 i [P da Vel TeU Tl TeT Tl Tl Tal a. T, T
1992 [UN O Do Dol Ga0 Qo0 040 Ga0 0.0 0. 0. 0.
1993 0. Qe BelO Jel 00 del 020 Da0 Ja0 O0a i O
1934 g, Ge Gol T80 Tsll TYT 00 TsG Dbl “Ua N ')
1995 Gs Je 0¢0 Ual Dol 00 040 0.0 Do0 0. [ ]9 Oe
1996 Ue 0, Gel Dol 020 0a0 040 De8 0.0 0. 0. 0.

- —— - - L T L LT T T e T

TOTAL Te He 120 Gel  0e0 Dad TaB 748 041 178. 103, 281,
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Table 7-41, (8 of 15) Individual Program Cost Breakdown - TDRS 3 Configuration C
{Millions of 1971 Dollars)

LAUNCHED FROM EIR

3PACE TRANSPORTATION SYSTEM

SCHEDULZ] QUANTITIES PROGRAM DIRECT COST
LAUNCH VEHICLES

FISCAL PAYLOALS T30/ T3C SHTL TuG TUuG LAUNGH

YEAR NEW REFURB c SHTL EXP PAYLOADS VEHICLES TOTAL
i374 Ua s Ual JeO Je@ Ded 040 0.0 0ed s 0. Oe
1975 l:t- 't‘J- Dlﬁ J.ﬁ J-u Ota [I-L'l ﬂ.i-l- BOU 0. Ol 00
197& [ e Qo  JaQ "8eU (o0 Qal 0asd 0al ’ 24a 8. 32«
1977 Qs Ge a0 Gal G0 Qa3 el 0s0 0.0 52 i6, -1 39
1978 3. da 140 d4u 1.0 0.9 Oell D20 Oed i9. B 25«
1979 G Je Jad Jel detr Ued Ds0 Dol del 1. 0 1.
1360 G e Jeu Jal dael el ODed bed Qe0 la d. 1.
1981 e Ge Qo) Jol de0 D0 22 w2 Oo0 T 2 EN
1342 G U B P Y B B PV P R Y 23. ’ B R+ 1Y
1383 1. 2w Q0 J.0 d.0 Dau 3.0 3.9 0.C 14, . 33. 47«
1984 G Ge Je0 Jal Geb Owl Oeu Oal Jded 1. 'Y 1s
1385 Ga Us “UdT TeT 0.0 TDed Del O3 0.0 ’ 1 Q. R 1
19886 G Ga Jel el dot 0.0 o2 12 0.0 U 3 e
ige? Oe Ue 0e0 Ga0 G0 0.0 0«0 CGa0 0.0 7 U. 7
1388 (TN PO | 1% S [ P H SR (1 T/ VR Y B - T A R ¥ 1)
1989 1. 2 Galk Ded el Dol 3el 3.0 0.0 11. 33. 4 .
1996 Ge O ‘0«8 UWsG 0.0 0.0 0.6 0.0 0.0 Oe Ta U
1991 I ORI PRt | 3" St P /PR ¢ P B TN I R | R Y
1992 0. b Dell Oet Do Gal GelG 0G40 00 Ge. O De
1993 EY Cs Gall el Jdel D0 Qall Ged Dol O Qo O
1994 0." Be  WeT7 VWl 080 T0LOTTUTTULE (1% - | A | I P
1995 O 0. Oel0 O Ofolf Dad 0«0 Ded Oel Oe Qe Qe
1396 [H Ue 8.0 Dol 040 Do Hed 0.0 0.0 L] O G

TOTAL 5 be 160 del 140 0al Bel bl 0.0 179. 101, 280,
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Table 7-41,

(Millions of 1971 Dollars)

LAUNCHED FROM ETR

SPACE TRANSPORTATION SYSTEM
SCHeDULED QUANTITIES
"LAUNCH VEHICLES

FISCAL PAYLOADS T3D/s T3C SHTL TuG Tus
YEAR NcW REFURS c SHTL cXP
1974 'Y s Gedd el G+0 Je JQell Daou Je0
197% ue ue del Jeuw wel Jded Oeb Jei Qed
1976 Ve e beld Dol o0 0.0 G0 D4l Je0
1977 b Je Ga0 Q40 GaD D4t D6l Ouw 0e0
L9786 3a G 1o Ged 140 040 dGe0 040 0ei
1979 Je Je TJel T del Je0  wal De0 000 Ded
198L Oe be Lol Jed 0.0 Jad Gal Quu 0.0
1981 U Jda dall GolG UsD Oad +2 o2 0.9
1962 0. 0. THLT VWD TNl UeD Ted 0. 0WT T
1983 1. 2s Le0 Jeli .0 Jeu 3ed 3.0 Jeid
1964 L Ja Go0 Jal JeG Ol Dol OGubd DO
19885 De B 0.0 T%0 @40 040 GHaU Dew 0.3
19386 [ Os GeO Jdol 040 Ga0 2 eZ 0a0
1987 Js e vel Jdel Da0 Beu DHal Deu Jel
1988 Us Je TWe T TG TUWD D 0 0.0 0.0  ded T
1989 i. 2 GeO Dol 040 040 3Io0 340 G,.0
1990 [ [ 0.0 00 (40 0ed Q.0 0.0 0.0
1991 - e T TTOD T U0 GJUTTONTTEST U0 Ted T
1992 Ue [ CelO Je0 JelO 9s9 00 Dol Q.G
1993 0. 0. Ca0 Talb UOe0 040G Bs0 Geb 0Oa0
19384 . 0. TR0 TN T TN 0T 0T T 0.0 Tl
1985 Bs - De 0s0 Qdeb 046 040 00 0e0 0Oab
1996 Qe O« Oell QoG 0Oel 048 D00 049 0.0

TOTAL Sa LTS 140 Jal 140 040 Bok Be4 Dol

(9 of 15) Individual Program Cost Breakdown - TDRS 3 Configuration D

PROGRAM DIRECT cosT

LAUNCH

PAYLOADS VEHICLES TOTAL
Q. e 'Y
B Ga Be
22. e. 30—.
49, 16, 65
18. B 2he
1. 0. o 1.
1. 9. i,
Ta 2 9.
T 23, B PR & Y
14, 33. 47
1. G 1.
1. Y
De. 3. 3
3. Oa 3.
- 12a T T T T T 2
u. 33. ‘.1.
0. 0. e
T BT T T e T R '
u. 0' ‘).
O 0. Do
T e PR
d. O« Da
de ' Gs
160. iol. Z2ol.
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Table 7-41.

(Millions of 1971 Dollars)

FISCAL PAYLCACS T30/

YEAR NEW REFURA G

1974 e ds Ued Ul Ged e

1976 Ue Le Cab Jeuw el Jdad

1976 e Ve Gl JaG Tel GaD

1977 Oe e Uetd G406 040 040

1978 3. Ue 1.0 Jel Jaed 0«90

1979 Gs Ue 0.6 Gag Gellm 040"
198¢ Us Je Gel Jei 0.0 Uall

1981 le ve Cel Jeu Q.0 Ga0

13a2 Ue Ce Ge 0,0 0.0 0.0

1983 e e Us0 Qo0 0.0 0.0

19384 i, 2e Gali Jal Dol dGal

1986 (H 1 Ge0 TWG T o0 Je0
1986 Ge HIN Goll J4d 040 D044

1987 1a e Ba0 Ul 0.0 0.0

1988 1. O B PY T PR Y N Y]

1989 1. 2 Uefl el CO40 G0

199§ 1. Ze 0+0 D0 0O« GQad

1991 O G Ge0T el TWe0D T BT
1992 ' Ga Ge0 0sd 0+0 0.2

1993 s Gae Gal Qe ded  del

1994 “0e 0. B 1Y

1995 s O 0.0 Deb wal G.0

1996 0. O bsG 060 0.0 0.0

TOTAL 1@,

Ew

1.4

LAUNCHED FROM ETR

SPACE TRANSPORTATION SYSTEM
SCHEDULCO QUANTITIES
LAUNCH VEHICLES

LTI Te U 0V UL d.0

G.0 0.0

D0.0

SHTL Tuk TUG

SHTL cXP
Gel Jeid g+
Gall Deia 340
Geli Jeli Dol
G«0 040 D.0
0«0 Ueu Deu

3ol 3eu Ol
DelG De0 QDD
D.G u.a J.u
1.5 1.5 (40

TOLGT UGG 0L

240 240 040
3.0 3.6 0.0

T0%0T BT DeG6

0.0 0.0 0Osd
0s0 deol da0

0.0 8.0 0.0

06 0.0 0.0

A A e e A

10.8 16,8 0.0

(10 of 15) Individual Program Cost Breakdown - TDRS 4 Configuration B

PROGRAM OIRECT COST

LAUNCH
PAYLOADS VEHICLES TOTVAL

u. a. u.
O Ue De
19- i o (’23!
46- 9. ‘;50
17 3. 20,
2' n. 2.
e Ge be
ba 9. 134
8. 1. 8.
12. Se 17,
Te 33, Q.
2‘. ﬁ. 2.
B a. 6
8- 1?. 25‘
14, TN T ‘Lhe
17 23, 4D,
6 33, 39,
u‘ ﬂ. u.
e Cs e
0. O U
A N e PR e
B« 0. O
Ge e Da
172, 136. 308,
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Table 7-41. (11 of 15) Individual Program Cost Breakdown - TDRS 4 Configuration C
(Millions of 1971 Dollars)

LAUNCHED FROM ETR

3PACE TRANSPORTATION SYSTEHM

SCHEDULZD QUANTITIES PROGRAM DIRECT COST
LAUNCH VEHICLES

FISCAL PAYLOADS T30/ T3GC SHTL TUG TuG LAUNGH

YEAR NeW REFURA [ SHTL EXP PAYLOADS VEHICLES TOTAL
1974 e Y ueld Jesu  Bed Ued Wel deu Qe Ue 0 Q.
1975 G Ue Getll uel Jal Gesl Dab Ul 08 0s Be ('
19786 0, Je Ue Jal Gel Jed 040 dad 2.0 224 Ba T 30,
1377 'l Ue 0.8 Jel de0 0.0 Bel Dol 0.0 52 164 08.
1378 3. Ue 1.0 Jelb 1ed sl Gel Qez dev 13, -3 254
1379 de D Geu Jad fet T Dal Daad 0.8 1. g. i.
1980 0 lia [ Jalb 900 0o Gl 0ol Do 1, G, 1.
1981 t’lo Je U-ﬁ 0!0 ﬂoﬁ G-‘J IZ !2 ﬂ-G 30 2' 5l
1982 Gs Je 0e8 Jal 048 "Toel Ol Oed Db’ B B 1 B - T
1983 1. Us Gell Ja0 Jed Dav 5 o5 Dal 5 b 11.
1984 de Ua 'Y - 040 0@ Gab UGev Ga0 12, T 0, 12,
1385 1. 2e Qe G40 Dal Gal 3T40 Jed 0.0 g, i 33. T W
1986 0a 0. Vs Jed 0.0 Del Ol 0s0 0.0 2. O« -
1987 Ue O Ged a3 de0 Gl 3 «3  J.0 3, LT T
1988 e D T0e0T FVETTTVT OG0 0T De0T 300 12. I PR 1z,
19489 1. 1. D¢l Jal 0.0 00 1.0 1.0 0.8 124 11. 23,
1990 i. '8 Gs0 0@ Dol 040 1.0 1.3 0.0 2. 1i. 13,
1991 ° 7 TGe U T Y A T R P Y e 1Y) T0. T R I
1992 0. ['PS 0ed Qb D40 D0 D40 0.3 0,0 (1 0. Oe
1393 Us Ue Gell Vel 0.0 Dl O Qe Jed D 0. ')
1994 o Da e Ted 020 00 0,077 0%0 " 0.0 Gs0 TR T 7777 O
1995 ‘) Us Jel Uel OGed 040 0GeC 040 0.0 O« Qe O
1996 9. . 040 040 0.0 048 040 0.0 040 0. 0. 04
TOTAL e 13 Jel 140 Gal 60 Bed 0.0 161, 7. 258«
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Table 7-41. (12 of 15) Individual Program Cost Breakdown - TDRS 4 Configuration D

LAUNCHED FROHM ETR

SPACE TRANSPORTATION SYSTEA

SCHEDULCY GUANTITIES PROGRAM DIRECT COST
LAUNCH VEHICLES

FISCAL PAYLOADS T30/ T3D SHTL TUG TUuG LAUNCH

YEAR NEW REFURS G SHTL EXP PAYLQADS VEHICLES TOTAL
1974 Ga Ue Dsu dal Gl Ged 0.0 da0 3.0 0. 0. Do
1975 Ue Us usl 0.0 Y] Ue el Ge0 00 'Y 0. O
1976 G D Gatd 0a0 G40 04D 00 Oou Dat 21. 7Ta 28
1977 ue de Uew Ged G+0 Jeb O« Dl Jed 52 14, BB
1978 3 Ge 1.0 Dol 1.0 Qe0 el Vet Ua0 18. B Sl
1979 Ce [T d.0 1.0 Joeu 0.0 0.0 0.6 J.0 1. 0. 1a
1964 (" [+ 0ol Jed Wl 0.8 Oeld Dol dau 1. 0. 1.
1961 e e bed Jad deld UJed o2 o2 Jeb 3 e S
1952 Ge the Ced "0k "GaTd Qe Ded Deuv 0.0 K13 0. B
1983 i. Ge Oe6 040 040 Oed - o5 Dal S 5 10.
1984 e Ge 0.0 Gell JeQ Dol Ge0O Deuw 0.0 11. 0. Al
19565 1. Ze G0 Jeu Ja%' Tel 3Ja0 3e4d 0.0 8. 33, S
19586 Ge e Usl Do del del Gel Dol 0.0 2e (1% 2a
1957 Ge O Ded [ ) dal e U 3 +3 f.0 3. ba . Te
1958 BT [ OGS BV 0D TTOSG OS0 0.8 T T U120 7 7 b T T 12,
1989 1. 1. 020 040 0e0d 043 10 1e0 0e8 i1, ii. 22
199¢ 1. 0. Ce0 Jal 040 Je8 1«0 1a0 0.4 2 11- ﬂs-
1991 T 7 b 0.0 307 T 700 TeU 00 T 70, o e’ ' G
1992 Us O Gell dal0 Go0 J40 0e0 Da0 0.0 ' 0. G
1993 O G Jsd Gaf 0.0 0D 040 Bo0 dal 0. [ 19 [ s
199y ‘Ta Ge Qa7 0al0 0T 00 0o0 7 0ab Te0™ 77 7 W 7T T T e
1395 G Ce De 040 Uel Bel 0Oe0 D0 040 (1% (1% 0.
1996 O Ue 0.0 Je0 JeD del 040 Ga0 0.0 [ 12! ) '

TOTAL 7 3. 10 Jed L0 040 640 643 Had 156 33 269,
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Table 7-41. (13 of 15) Individual Program Cost Breakdown - TDRS 5 Configuration B

LAUNCHEZD FROM €TR

SPACE TRANSPIRTATION SYSTEH

SCHEDULZ D QUANTITIES PROGRAM QIRECT COST
LAUNCH VEHICLES
FISCAL PAYLOADS T30/ SHTL TUG TJG LAUNCH
YEAF NEW RLCFURY » SHTL EXP PAYLOADS VEHICLES TOTAL
1974 U e Led Jebl Jed Gad Jed 0s0 Gel Qs 0. U
1975 U Ja Usli Jel we® DaU el Ged dav D Ja Oe
1976 e Ue Ged Jau B¢l ded Dol 0ed Ja0 19. L 23,
1977 De Ja Lsed el -Jo0 Ged Del H40 0.0 45, 9. 54,
- 1976 3. Je 13 Ue0 Qa8 Jed Gou Ve 044 17. 3. 20«
1979 [ e Geuw Jav Gel Ged Dal Qavu Jed 2 0 2a
1380 Le Ue Lal e DaC Jeid Dl Jdeu D0 a (139 LYY
1961 1. Je 0a0 Us0 0.0 Ga0 8 «d  Da0 9. Je 18.
1982 1 0. 0ud Ul "dab 0QaF 0406 0.9 0.0 19. a. ig9.
1983 e us Dol el Bed P40 145 1.5 ded 17, 16. 33,
1984 1. Ze UeB Jeb DaD Dol 300 3Jeu 0.0 Te Ju, 41.
1965 (% ue Ceig Jell Deid et D.0 dab Gal 5 De. 5.
198¢ Ga Ge Vet Goel 040 Uel uUel Cod OGal 12, 0. 12.
1987 2 Us el Jel Gel Jdel 243 2.3 0.0 i1. 25 . 36
1988 0 De 0'-u Jnu‘ U—--ﬂ (lau 0.0 [T} aon 23. 0. 23}
1989 - ba GeO Dol Us0 Oel 45 “e5 Jal 24, 50 Tl
1990 10 2- 0-0 O.U ﬂ.ﬂ 0.0 3.0 3.0 D.D 7. 33. ﬁU-
1391 Us G. Ga0 0l 0al 700 Ta0U 0.0 0.0 0. T. g.
1992 Us ' dsl Je0 JoQ Oslb OBal Dol Q0 O« Gs Ow
1393 Us e Gal Je Qo0 0e0 00 00 0.0 0. 0. U
1994 G Ue 0.0 Tol Go0 "0.077040 248 0.0 O. Oe Oa
1395 Ue 0. 0.0 d+0 0.0 0.0 0« C 0.0 0.0 0. 0. Ge
199& 0. Qe 0.0 Ge0 0840 00 00 040 0Ga0 O [ O
TOTAL 13, 8y 10 0Ge0 0G40 0.0 1541 15,1 J.0 221. 183. Lk,
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Table 7-41, (14 of 15) Individual Program Cost Breakdown - TDRS 5 Configuration C
(Millions of 1971 Dollars)

LAUNCHED FROM ETR

3PACE TRANSPORTATION SYSTEM

SCHEJULE D QUANTITIES PROGRAM DIRECT COST
LAUNCH VERICLES

FISCAL PAYLOADS T30/ T3C SHTL TuG TUuG LAUNGCH

YEAR NEW REFURS G SHTL £XP PAYLOADS VEHICLES TOTAL
1974 e e LelG Joi del Jdel Ga0 ULl ed ' ' Je
197¢ Vs Je Ja0 Uelb  Jel 9ol sl ual Ded De g ['I
1376 Us U Ueu Jeb Gl a0 D0 Dau Dau 21 - 29,
i977 ds Ue Ueid del Vel 0ed 040 G0 0.0 50. 16. 66
1378 3 [ 14 Jel 1ed G40 G+0 Deu Jel 19. Be 250
1979 Ge Js Gell Jau Jdel Ge0 Q046 G0 da2 1. 0. 1.
L3su Ja s ued o+ el usl el Jau Ued 0.0 1. 0. 1o
1961 Ue Ue Dev dald 8.0 Qa0 %4 «2 dal 9. 2 11,
1982 e [N Gei Dol Jed Tab 040 G446 Ded 19, De 19,
19863 3. Qe Dell 3«06 0.0 0.0 15 145 0e0 11. 17 . . 28+
1964 Qe Ue UelG Jal Tal0 340 040 040 D040 12. e 12,
1985 l. e Del J+0 0s0 Dal 30 33 0.0 10. 33. 43
19486 b Je Gel daid Ds0 0.0 Gsu 0.0 0.0 3e 0. 3
1987 le e Usll Jeb Ueid Gad 5 5 Uel 7. - 13,
1988 ' O D T Ta0 Go0 0.0 0.0 8.0 19. ’ O, ‘ 19,
1949 s 1, Do 040 00 0G0 1,5 1.5 0.0 20 16 J6o
1990 1. s Goell Qdelb 0e0 Qo0 3Jud 3Jsi U Te 34. [ Y
1991 Ge e B0 T AT Tl TelU ~TWeD ~TalT Daidl S P I I I
1992 Ga Oe Gal Jet Usb Qa0 Dst Dab Dad 0. de Os
1993 0. O Ca1 Jel 00 De0 040 0.0 0.0 0. 0. Qa
1994 Us O el Tl T0 0,0 Te0 V.0 0.0 Y de R
1895 Da 1% Dol Dol Ga0 00 BeG 0Tal 04l e Q. D
1395 ' 0s Ged 0@ 00 Gs0 040 de0 00 0. De 0.

- —— - - .'.-___'_-;.‘;’.._;';.;_':__'.’-----'_‘_-__-_----...._‘ A P

TOTAL 11. Se 1.0 d.0 1.0 D.0 .7 9.7 0.0 239. 138. 347
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Table 7-41.

(15 of 15) Individual Program Cost Breakdown - TDRS 5 Configuration D
{Millions of 1971 Dollars) '

LAUNCHED FROM ETR

SPACE TRANSPGRTATION SYSTEM
SCHEDULZD QUANTITIES
LAUNCH VEHICLES

PROGRAM DIRECT COST

FISCAL PAYLOADS T30/ T3C SHTL TuG TuS LAUNCH

YEAR NEW REFURQ c SHTL EXP PAYLOADS VEHICLES TOTAL
1974 O Ge GeD dal J40 (o0 Je.0 0,0 Dol Ge Do 0.
1975 O Oe Qa0 040 De0 Qe0 040 0.0 B.0 0. G 0.
1976 [ e 007 00 4.0 o7 0.0 0.0 0.0 21, I - YR 28,
1977 Os Ce Oed el JeD Qo0 0+0 0o Jeb 49, 16, : 65
1978 3. Oe 10 Q0.0 1.0 040 068 040 0,0 18, -8 2he
1979 ul 'n' ﬁ‘.-gA“ ﬂ'o 0'0 u.a u'a 0-& O.D ) 1. n. 1.
13960 Oe Ge Gall Jel faD Jded deidd 0Oed  Oed i« [1 % 1.
1361 (e le Jed Ja0 Dol Osl o2 «2 (el 9, 2 i1.
1982 ' 0 T Y L P B T Y T D - I P & Y
1983 3 Oe UeQ Qe 0ol Ded 145 145 0.0 10, 17, 27
1964 Oe Oe JeQ U0 040 De0 Uel d40 048 12. O i2.
1985 1y 24 TG e0 TN T 0a0 T 0T Fe0 Fed TOL0T B 1 Pl ¥ R 1Y
1986 0. Os Oell 040 040 040 0.0 0+0 0.0 I O 3.
1987 1. s Ged Jel Dad 0.0 5 5 D.0 Te He 13,
1988 777 0. 0 7T THGE TOGT TO0WE WG 0.0 TG00 T T T 1967 T Be B 1Y
1989 2e 1. Qa0 ded Del 0.0 15 1.5 4Uq.0 19. 16. 35.
199§ i 2o U+0 040 G0 040 3.0 3.9 . 0.0 8. 3. 42,
19917 O s JO 1 N I B 18 I 1 Y P R R B 1Y A | P | A | 1
1992 0. Oe 00 0«8 0.8 0,3 08 J.0 0.0 Qe 0. Do
1993 e e 0u Dal0 De0 dal0 Oo0 Wed 0.0 ' (1 D
1394 XU | P /P ARt 0 R P+ B 8 - SR 1 PY v/ PN I ' 1) i | PSR | R | P
1995 0. Oe Qo0 DOe0 DoC 040 G40 dsd 0.0 Ja 0. 0
1396 O« Je 0+0 03¢0 0+0 0«0 Go0 0.0 0.0 0. [/ O

TOTAL 11. Se 1e0 Qa0 120 Jel 927 9.7 0.0 206. 136, Shte



The cost analysis of the TDRS program assumed that the Tug could dock
and retrieve a spinning satellite. This capability quite probably would
be furnished as standard equipment on the Tug and funded by either the
Tug or payload programs. Estimates for the cost of this equipment are
provided to show that the results of the cost analysis would not be altered
by excluding these costs,

Docking mechanism concepts examined included the Apollo probe and
drogue system developed by North American Rockwell, an Aerospace
Corporation adaptation of the Apollo system for spinning satellites, and

a McDonnell Douglas Astronautics concept. The concept considered for
costing was a modification of the basic Apolio probe mechanism for

active docking with a stable or spinning satellite. The active docking
mechanism, which weighs 37,6 kg (83 1b}, is capable of arresting rotational
motion, retracting the probe, and attaching the satellite to the Tug.
Incremental costs for the mechanism only are provided since the basic
docking system is currently available. These costs include only the active
hardware and exclude all passive portions of the docking system such

as satellite support ring, fittings and latches, guide and protection arms,
etc., Program RDT&E cost increments are estimated as approximately
$2. 75 million based on CER estimates. Unit cost estimates are $660, 000

and are based on discussions with the vendor,

7.3.3 System Test Satellite Program Characteristics and
Results

The demonstration program for test satellites consists of individual
missions of 5-year duration, each requiring two satellites launched

in consecutive years. Four different missions are conducted in series.
Each requires new mission equipment R&D, but all use the same
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spacecraft. Between 1980 and 1985, three missions are initiated
consecutively. Then, in 1987 another mission is initiated. The
program as set requires eight satellites to perform the missions in

an expendable mode, In a reusable mode it requires six new satellites
and two refurbishments. The satellites are launched by the Shuttle

and are placed in synchronous orbit. Upper stages used in an expend-
able mode are the Agena, Transtage, and Centaur, Tugs are used for
the reusable mode. Intelsat IV satellite designs are used as an example

of a System Test Satellite,

Program cost estimates are presented in Tables 7-42, 7-43, and 7-44

for configurations A, B, C, and D, Configuration A is the baseline
expendable satellite and is launched with the Shuttle and expendable

upper stage. The other configurations are identical to those used in

the TDRS program. Characteristics of the individual configurations

are provided in Table 7-45 with weights, costs, schedules, and quantities.
Launch schedules and direct charges are provided in Table 7-46 as
determined from the capture analysis. Trip sharing is used when feasible

according to the mission model,
The overall results indicate that in programs of this nature, with a

high ratio of new satellites and low unit cost, the expendable mode

may be conducted at lower cost and less risk.
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Table 7-42.

FROGAAM JIRECT COST SUMMARY
OIRECT PRIGRAM COSTS
(MILLIONS OF 1971 0QLLARS)

SPACE TRANSPORTATION SYSTEN
PAYLOAY LNCH VEH PROGRAM
TOTAL DIRECT OIRECT

SYST. T&ST COWF. A B/L EXPENJABLE = 5 YR MAD
TE3T CONF. A 134, Sde 184,

SYS3T, TZST CLONFa 3 370 RCUSEABLE - o MMD
TEST COlFe B 128, 6be 194,

S5YST., TiST CONF. € OPTI. RZUSEABLE = 7 Y2 MMD
TE3ST GONF, C fal. 70. 21t.

SYST. TEST CONF. D OPTI. REUSEABLE SHORT = 7 YR MHD
TEST GCONF. O 140, 70. 210,
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SYST. 3787
TEST COMF. A

SY3T, TI351
TEST CO'lf,.

SYSTF. T-
TEST COMF.

3T
-~

SYsST. TEST
TEST CONFW

LN,

ot b A

1677

A

Table 7-43

EROGRAM NTRECT COST SUMMARY

NT2ECT PROGPAM CNSTS

(MILLTOMS OF 1971 GOLLARS)
SFACE THAMSFORTATTOM SYSTEM

1874 1977 1978 1979 1980 1981 13482 19483 1964 1945

VAN

J

S PUNDATL

aPTI, RIUSZARE

Ts

15

- F Y& 4Mp

15. 75, 4. 21,
& HHD

1h. 25, 25, 23.
- 7 Y2 mMn

2%, 2B, 27. 24.

SHNRT o 7 ¥R MMN

A
ot

2be 7. 24

23.

1€,

1?l

i#.

14,

13.

17.

18.

13,

1986

14,

11.

1t.

1987

17.

13.

20.

1988 1989 1990

7

13,

12.

12,

O

D

0.

nl

1

T

g.

1991

O

0.

0.

1992

0.

0.

Oe
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SYST. TEST CONF.
TEST CONF.

3Y5T. TEST CONF,
TEST CCNFe

A

B

A

3

SYsT. TEST CONF. C

TEST CUNF.

S¥YSTe TEST CUNF.
TeST CONF.

C

o

o

Table 7-44. TDRS Case

PAYLODAD TOTALS
PAyLIAL AJENTITIES
TYP: NEW REFURSBED

d/L EXPCNJABLE - » YR MMO
EXPcNDABLE 8. U

B/L ReUSEABLE = 3 HMMD
CJRR REUSAILE 6o Ze

JPTI. RIUSEABLE = 7 YR MMD
CURR REUSAILE De Ze

OPTI. REUSEABLE 3HORT « 7 YR MMD
CURR REUSAILE B Ze

W

B3

83.

B4,

5"“.

PAYLOAD PROGRAM COSTS

Te INVEST OPS TOTAL
The Te 134,
Bl 1. 128.
71, 16 141,
70. 16 140.
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THRS CASE

SYaSYSTE™
STRUCTURS
ELECTRIGCAL 20WT3
TRACKI WG, 2" (MAND
STASILITY,CARTRIL
PROPULSINN

SPACECRAFT
MISSIIN

SATELLTT:
AGE
LAUNTSHY SJy?reyoTY
GROUNG STLTIONS
MISCELLANS 'S
SE ANy TO

TCTAL

F1S7aL veosaw

DESIGMS AMD & 7" 3T.0¢

SPACECPAFT
MISSTIH 77 1o i
SATELLITE 37
NEW {IxPTo s

FISCaL ¥:ia> Lu7h
FUNDING
Q'\TE
INy ST D
COTEETTIONT T

ToTAaL ta

TITPHT T

Table 7-45,

PAYLAAN PeoGRAM CRST (MILLIONS COF 1971 OALLARS}
AETIGHTR COST FACTOR BASIC AVG
QY TATLL OTHER TNPUTS DEV  PRNND ROTE  UNIT
425 425 TYPE, ©EMD 1,992 1.080 3.5 1¢1
2he 259 WATTE, 573, 1.000 1.900 7.9 1.2
50 37 ALT, SYNE 1,320 1.001 hen 1.1
31 ZnB TYPE, SPIH 1.0080 1.0€0 Ba? 1.2
2771 157 TATIP(L)D. 1.837 1,090 t.0 .0
o2 2753 28,6 be?7
153 353 COMPLXTY, LNOW t.272 1.907 12.5 bed
1374 %107 Gl.1 3.9
l'qEG 2.9
1,009 «8
1773 1997 1041 4987 1am7? 149”4 17ARG5 19RE 14337
i3
e L350 170 1.7"
1 e v T pars 1. pa 14 Ca 1.
147 197/ 1373 1979 950 a8 (2332 13337 1934 1385 1985 LQP7
" T L T 7. i 7. T Te T T
e T e " . T . T o 7 7
T o Te 1. 1. La 1. e 9. 1.
Sa . e i, A 7 ' 17, 11, 7a 1, 11,

(1 of 4) Test Configuration A

PAYLOAD -PROGRAM

FIPSTY COST ESTIMATE
UNIT ROTE INVEST OPS TOTAL

1.2 0. Q. 0. 9.

1.3 7. 10. 0. 10,

1.2 d. £ 7. 9,

1.3 s Q. 0. 2.

Nal 0. 0. 0. 0.

el 0« 37, D. 37.

4,6 6. 34, 2. Bley

Fe7 5. 71 0. 121,

0. (139 0. 0.

«9 d. G, Te T

s . ' O,

O 1. O 1.

3 2. Q. S,

93, T4, 7 134,

1943 1969 1997 1991 TOTAL

o.u

4.0

le Ue 0. C. 8.

199% 1GR9 1990 1991 TOTAL

fe s Ja O 53.

2 0. 0. G. Th,

o o 50 Dl ?.

2 T i \I 134,
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Table 7-45, (2 of 4) Test Configuration B

SLYLIAY BIALT A G0sT {MILLTIE T 0F 1971 TOLLART}

THag GgeT PLYLORD PROGPAM
1L HTC nOLT FACTRLS FACTIL AVG Froey COST ESTIMATE
SUISY T4 LY T aTaL AfHZ2 TrpenlTe ~ov 207 a5TE UMIT UltTT RNTF INYEST O0PS TOTAL
STeUC Ftr SR RL 10 Ty, sae 14730 1.067¢ n.7 lets 1.6 T ER O« 9.
ELLECT TN g IR Jn0e wWiATTRE, STl Te.,70 14300 7.0 1a.¢ tel ' 7 0. 7.
TOLmE [0,y Sy -s T TToan Ty, T D13 bl Foe3 1.1 1.2 Ce 7 N Te
STAPILITY, (). TeoL "y T7? Ty, catu 1..7%3 1.1 5.3 1.2 1.3 0. 7 O Ts
PROPULSIN H TOTSTeIMF, Ja 1923 1770 T n.n Ced [ Oa 0. 0.
SRACICRART 11192 13a¢ 3I0.0 5.1 a5 Ga 304 Ca 30,
MISST I AT esraT g Fre oMLY TY, LY 1.0%3 1.5930 12.% o2 beh 5¢. 2R, 0. 78.
SATZLLTTE FIR L N N 42,5 9,3 10.1 50« B5Aa. 7a 115,
AG= 1.000 745 G, D O Os
LAauncH suPiasT 1.020 8 .8 1Y [HY 7 Te
SROUND STAT TR O 0. 0. 0.
MISCeaLLANTAUT O 1. 0. 1.
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7.4 OBSERVATORY - HEAO PROGRAM COST ANALYSIS

T.4.1 Summary

The basic HEAQ program consists of a HEAO-C payload providing conti-
nuous coverage between 1979 and 1983, and various follow-on spacecraft
with redesigned mission equipment in use for five-year periods beginning

The results of the observatory cost analysis of the HEAQO program consist

of three tradeoffs involving:

(1) A comparison of candidate man-tended and
automated spacecraft concepts

{2) A comparison of satellite design life

(3} The impact of accessibility for yearly
adjustments

{4) A comparison of the revisits made with
the ground refurbishment mode

The criterion recommended for selection of the spacecraft approach is
lowest total program cost for the HEAO-C (1975-83) program, with con-
sideration of the impact on the total program cost (1975-1990). The

results indicate that a scientific program with developed spacecraft hard-
ware (i, e,, HEAO-C uses HEAO-A and HEAO-B hardware) and frequent
experiment changes should use a low initial cost, minimum design modifi-
cation, and reusable spacecraft approach. The alternative would be a mini-
mum total cost program with major initial spacecraft design changes to
develop an on-orbit serviceable (revisitable) satellite, Low initial program
cost is an important evaluation criterion since it permits the most flexible

long-term program with the least amount of initial risk,
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The comparisons provided are based on relative cost estimates of
payloads using current baseline estimating procedures, If absolute cost
estimates are to be made, further analysis of large/low cost payload and

hardware inheritance effects will be required.

7.4.1.1 Candidate Concepts Comparison

Direct program cumulative costs over various periods of the program

are shown in Table 7-47 for the three basic spacecraft configuration con-
cepts. Case A represents the costs for either configuration concept A or
B, which represent the baseline with minimum modifications, Case B
represents the cost for a modularized payload with on~orbit docking capa=~
bility as provided by spacecraft configuration concepts C and E, Case C
represents the cost for a man-tended spacecraft with IVA capability, All
payloads in this comparison have 2-yr design life, Case A has the lowest
program costs over the initial operating years through 1981, These costs
are indicative of the HEAO-C operating period. The minimum total pro=-
gram cost, however, is associated with Case B or Case C, as shown by
the net present value for infinite horizon and 10~percent discount rate.
The factor which causes the minimum cost to switch from Case A to B or
C is the requirement for accessibility to the payload once per year in order
to make adjustments, This is accomplished on the ground in Case A and
by on-orbit revisits in Cases B and C, If the requirement is reduced to
access once every two years, as required for refurbishment, then the
minimum total cost program would be Case A, The impact of the annual
payload access requirement in Case A is discussed in more detail in the

following paragraphs.

Results of this tradeoff, and that for accessibility, lead to the recommen-=-
dation that Case A be selected for the HEAO program. The basis for the
recommendation is minimum cost in the early years of the program, which

lowers the risk and retains some flexibility for changes in the later years.,
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Table 7-47. HEAO Program Direct Cost Estimates — Candidate Concepts
Comparison,(1) 2-yr Design Life

(Millions of 1971 Dollars)

Direct Program Cumulative Totals
Net Pre(sl?nt
Operating Period 1979 1979 - 1981 1979 - 1990 Value
Cases
A. HEAO-C, Mod A/B 225 305 784 363
B. HEAO-C, Mod C/E 283 355 701 329
C. HEAO-C, Mod D 293 368 724 339
(1) Payload access for adjustments once each year by retrieval (Case A)

or On-Orbit Vigit (Cases B, C)

(2) Infinite Horizon, 10-percent Discount




The final selection of a program should involve other tradeoffs with trun-
cated phases of the program and less than continuous observations coverage

by the satellites.

7.4.1.2 Design Life Comparison

The influence of design life on program costs was examined for its effect

on spacecraft configuration concepts A and B. Configurations A and B are
refurbished on the ground. Access for experiment adjustments is restricted
to the refurbishment interval, once each satellite lifetime. Cost estimates
shown in Table 7-48 indicate that the minimum initial cost is associated with
Case 2A for a 2-yr life, In terms of total program cost, as shown by the
net present value, the most dramatic reduction in cost is achieved in going
from l=yr to 2-yr design life. The lowest total cost is achieved by going

to the longest life as shown for Case 4A with 5-yr life. Cases 3A and 4A
are equivalent in total cost because they are within the relative tolerance

of the estimates.

A determination of the best design life for HEAO=-C must consider the con-
figuration characteristics, initial and final program costs, access require-
‘ments by the scientists, and on-orbit observational coverage time., A
requirement for accessibility to the payload at least once every two years
would clearly lead to the selection of Case 2A as the best configuration
since cases 3A and 4A would require more funds than those shown. The
increase in cost involves more Shuttle flights and possibly more payloads
if continuous coverage is required. Without the requirement for accessi-
bility Case 3A with a 4~yr design life appears to be the selection based on
HEAO-C and HEAO total program cost values,

7.4.1.3 Impact of Annual Accessibility

Access to the payload in order to make adjustments to the mission equip-
ment and the spacecraft is a requirement desired by the scientist, The

cost impact owing to the frequency with which these adjustments can be
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Table 7-48, HEAQ Program Direct Cost Estimates — Design Life Comparison
HEAO-C, Configuration A/B

{Millions of 1971 Dollars)

Direct Program Cumulative Totals

Net Present

Operating Period 1979 1979 - 1981 1979 - 1990 Value(l)
Cases
1A, {-yr life 204 304 839 387
2A,  2-~yr life 174 271 637 304
3A, 4-~yr life 196 251 600 278
4A, 5-yr life 211 235 585 264

(1)

infinite horizon, 10-percent discount




made was provided in the data for configuration A/B of the previous com-
parisons of concepts and design life, Access to the payload each year is
provided in the cost of Case A (Table 7-47), ard access once every two
years is provided in the cost of Case 2A (Table 7-48). The difference
between the two cases is shown in Table 7-49. The impact represents more
than just the cost of extra Shuttle flights., In order to maintain continuous
coverage during ground based refurbishment an additional satellite must
be purchased to replace the one being retrieved, refurbished, and adjusted
on the ground, The costs associated with the additional satellite, addi=-
tional refurbishment, and the additionzl transportation costs amount to
approximately $150 million over the total program, The requirement for
increasing the satellite accessibility for experiment revisit from once
every two years to annually therefore increases the total program cost

by 23 percent and the initial cost by nearly 30 percent. Because of the
high cost impact, the accessibility requirement for configurations A and B
should be reduced to operate HEAO-C with access frequency similar to
HEAO-A and HEAO-B,

For cases (B and C of Table 7-47) where payload adjustments are conducted
during on=-orbit maintenance revisits the cost of yearly access is much

less than that for Case A. The cost difference involved in achieving yearly
revisits rather than every other year is approximately $30 million in

Shuttle transportation costs,

7.4.2 Candidate Concepts Comparison

T.4.2,1 Program Characteristics

The HEAO program is a follow-on to the basic HEAO-A and HEAO-B pro~
grams to be flown in 1975 and 1977, The program will consist of HEAO-C
operating from 1979 to 1983; thereafter two new HEAOs will be launched

in 1983 and 1984, The new HEAOs consist of new mission equipment but
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Table 7-49, HEAO Program Direct Cost Estimates — Impact of Accessibility
7 for Yearly Adjustments HEAO-C, Configuration A/B, 2-yr Life

{Millions of 1971 Dollars)

Direct Program Cumulative Totals

Net Present
Operating Period 1979 1979 - 1981 | 1979 - 1990 Value(1}

Cases

A, 2-yr life, access

once per year 225 305 784 363

2A, 2-yr life, access
once every two years 174 271 637 301

Difference 51 34 147 62

(1) infinite horizon, 10-percent discount




the same spacecraft as HEAC-C,

The purpose of this section of the study is to determine the best configu-
ration concept for the HEAO-C within the context of the total program and
involving all the HEAO satellites from 1979 to 1990, The assumption made
for this study is that HEAO-A and HEAO-B spacecraft hardware and techno-
logy are available for the HEAQ-C programs, With this baseline, three

configuration concepts were selected for HEAO-C analysis,

The first case (Case A) represents configuration A or B, which are mini-
mum modification versions of the baseline to permit launching from the
Shuttle. These satellites must be retrieved and refurbished on the ground,
Adjustments to the mission equipment also require retrieval and changes
made on the ground. Because this configuration concept is similar to the
baseline, an inheritance factor of 75 percent on development is used for the
spacecraft except structures, That is, the development cost of all sub~
systems is considered to be 25 percent of a new subsystem except for
structures, which is 100 percent because it is a new design, Mission

equipment is also considered to be 100 percent of 2 new design,

The second case (Case B) represents a new HEAO-C design (configuration
C or E) with modular subsystems, docking system, and automation to
permit on-orbit maintenance by the use of manipulators. The third case
(Case C) represents configuration D, which is a version of configuration
C with IVA capability for man-tending of the payload. In Cases B and C
no inheritance of HEAO-A or HEAO-B hardware was assumed since most
of the development work must be redone, with new packaging, new test
articleg,and a new test program. All satellites compared here had design

lives of two years.

Program requirements include continuous on-orbit coverage by the satel-
lites and yearly accessibility for mission equipment adjustments. Case A

requires retrieval and deployment yearly between 1979 and 1990 to accom-
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plish refurbishments and/or adjustments on the ground. Refurbishment
factors were considered to be 32 percent of the unit cost. In Cases B and
C the satellite is maintained on-orbit with yearly visits. A maintenance
factor of 10 percent each year, or 20 percent each MMD, was used,
Beginning in 1984 the mission equipment is to be changed for the HEAQO
program every 5 years by a ground refurbishment costed at 32 percent of
the unit cost. Cost estimates were generated for each case on the basis
of the above considerations and a capture analysis to establish the launch

schedules and trip charges.
7.4.2.2 Results

The program direct cost summaries are presented in Table 7-50 with the
total cost during the period 1975-1990, and in Table 7-51 with the associated
cost streams. A breakdown of the payload program phase costs are pre-
sented in Table 7-52 along with the quantities of new and refurbished pay-
loads used. Payload weights, costs, and schedules for each are displayed
in Table 7-53. The Shuttle launch schedule, with the trip charge for full or
shared rides established by the capture analysis, is presented in Table 7-54,

7.4.3 Design Life Comparison

7.4,3.1 Program Characteristics

The effect of design life on the cost of the HEAO program for configuration
A/B was examined in this study. Satellite lifetimes from one to five years
were considered. Program requirements for this particular study were
slightly different from those described in section 7,4.2 concerning concept
comparisons, in that the adjustments to the mission equipment were limited
to the refurbishment schedule of once each satellite lifetime. With regard
to scheduling launches and buying new satellites the capture analysis was
based on continuous on-orbit coverage with ground refurbishment. In order

to ensure minimum costs, several programs were addressed in the capture
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Table 7-50.

Program Direct Cost Summary - Direct Program Costs, Space Transportation

System (Millions of 1971 Dollars)
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Table 7-51. Program Direct Cost Summary - Direct Program Costs - Space Transportation

System (Millions of 1971 Dollars)
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Table 7-52. HEAQ Case
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Table 7-53,

(1 of 3)

HEAO-C Mod A/B

PAYLOAR PRNGIAM fOST (MILLIONS OF 1971 DOLLARS)
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Table 7-53. (2 of 3) HEAO-C Mod C/E

FAYLARD ©POR2AM LNST (MILLTONS OF 1971 NOLLARS)
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Table 7-53. (3 of 3) HEAQ-C Mod D

PAYLDAN P2ns2aM N0ST (MILLINANS OF 1971 N0LLARS)
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Table 7-54. Individual Program Cost Breakdown (1 of 3) - HEAO-C Mod A/B
(Millions of 1971 Dollars)
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Table 7-54. Individual Program Cost Breakdown (3 of 3) - HEAO-C Mod D

(Millions of 1971 Dollars)
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analysis, Those requiring the lowest number of spacecraft and new

mission equipment were picked, Sharing of trip charges was included when
possible. The cost analysis used the basic design weight provided in order
to reflect the cost impact of design life, and did not use redundancy factors.

Losses for launch vehicle failures are not included in the cost estimates,
7.4.3,2 Results

The cost estimates obtained from the payload program cost model are pre-
sented in the following tables. The direct program cost summaries are
shown in Tables 7-55 and 7-56. A breakdown of the payload program esti-
mates is shown in Table 7-57, along with the quantities of new and re-
furbished payloads indicated. Characteristics of each payload program
such as weight and cost schedules are provided in Table 7-58. The launch
schedules and shared trip charges which were established in the capture
analysis are presented in Table 7-59,
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Table 7-55,

Transportation System (Millions of 1971 Dollars)
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Table 7-56. Program Direct Cost Summary - Direct Program Costs - Space
Transportation System (Millions of 1971 Dollars)
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Table 7-59. Individual Program Cost Breakdown (1 of 4) - HEAO, {-yr
Life (Millions of 1971 Dollars)
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Table 7-59.

Individual Program Cost Breakdown (2 of 4) - HEAO, 2-yr Life
(Millions of 1971 Dollars)
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Table 7-59. Individual Program Cost Breakdown (3 of 4) - HEAQO, 4-yr Life

(Millions of 1971 Dollars)
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Table 7-59,
(Millions of 1971 Dollars)
LAUHECHET F204 =712
ToaAnT TOANSPARTATTAN SYSTEM
T REUTRLEENENES 8 Sk
LAY H YRYICLTS
FTIRCAL DAV NANRS CYTL TUS TUS
YA W SIFYRT SHTL AP
1975 T 2 SeT TH7 T.0 0.0 Jed m.D 0.0
13974 Ta T Jed Tal D60 Ja2  Jed Qe .9
1a77 {a Je L . T T I 9.0 0.8 0.0
iA7A i [ 0.0 043 Tef 0,0 1.8 T« &.0
12749 1. G, Gal T4 Jed Dot «5 Gs) 0.0
15382 T Ge Ted Je0 0.0 00 347 8.8 0.0
1981 r. Lo Jed T4l "FD 0.0 JeT 0.0 0.0
1237 D I Jel Lef 043 da0 Jed 2e0 0.0
1R LA fa Je 1 vaZ 143 Gal Zea 9.0 8.0
198 2 T 0.2 Ta0 Je0 042 146 0.0 Ga0
1945 Ca 0. 743 940 Ye8 040 92,3 0.0 0.0
1985 s [ Be2 D48 24D 0.0 0¢0 0.0 0.0
i1ar7 Py [ T 0T J.0 JSCTTTSD O J.00 CLD
159k« T e Cal Dl Def Tolf (o) 048 D0
1UEn ! 1. Le £ i TaL Ue ols 0eC J.C
1905 | SP DD "0 T 7.0 VYT T3 "0L0° 00T
jaay [ U 0.2 O0.,C 2.0 0.0 0.0 0.0 0.0
1992 Ge De a0 L0 D60 GG 0.0 4.0 DaC
1883 - 0. 74 BT A A R B % R PR B P
1894 e Ja J. 0 0.0 J.% 0.9 0.0 D0 0.0
1995 Q. 0. 0.0 0.0 d.9 0.0 0.0 0.0 Q.0
bnc i 1 a1 P S IS B I B 2 P R R AT R
1967 0. 18 0.0 4.0 2.0 6.0 2.3 0.8 0.0

L e A A A - - e - .

LEVA I R S WY T LT TTT 243 TG0 0T O

Individual Program Cost Breakdown (4 of 4) - HEAQ, 5-yr Life
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8. DISCUSSION

8.1 LOW COST DESIGN CONCEPTS

Costs were estimated for each conceptual design at unit and program

level. The program level costing was based on the appropriate program
traffic from the 1972 NASA mission model. The unit costs were based

on the design information developed in the conceptual study effort described

in Sections 4, 5, and 6.

Four alternate programs, each having approximately the same scientific

value, were compared. The four alternate l2-year programs featured:

(1) 1.5-m (4. 92 -ft) photoheliograph instrument package
flown on seven-day missions

(2) 1.5-m (4. 92-ft} photoheliograph instrument package
flown initially on seven-day missions then phased
into a free flyer

(3) 1.5-m (4. 92-ft} photoheliograph instrument package
on a free flyer from the start

(4) 1.0-m (3. 28-ft) photoheliograph instrument package
flown initially on seven-day missions then phased
into a free flyer with a 1.5-m (4. 92 -ft) photo-

‘ heliograph instrument package

The seven-day missions are one type of Shuttle sortie operation. Compar-
ing the sortie, free flyer, and combination sortie and free flyer program
costs, the program with one R&D resulted in the lower overall cost,

i.e., one sortie or one free flyer RDT&E for the program duration.

For the sortie/solar observatory the cost of the payload including one

sortie mission was determined to be correlative to the mission requirements,
By reducing the aperture size from 1.5 m (4. 92 ft) to 1. 0 m (3. 28 {t),

the RDT&E plus unit cost was reduced by 50 percent, and by relaxing

the pointing accuracy, the RDT&E plus unit cost was reduced by 10

percent.



The automated spacecraft study, using a communications satellite
{(Intelsat IV} as an example, examined the costs of minor modifications
to adapt an existing payload to the Shuttle and for more ideal Shuttle
payload configurations. This investigation indicated that the optiJl:num
configuration has lower costs for OA demonstration programs such

as TDRS with equal or increasing user demands. The minimum space-
craft modification is lowest cost for ''one-time' system demonstration
programs., If these ""one-time' system demonstration programs are
for an eventual operational user requiring high availability over long
program duration, however, the optimum spacecrait configuration
would be lowest cost. If the system demonstration program is a
continuing program whereby the payload can be retrived and the space-
craft reused, the optimum spacecraft configuration would alsc be lowest

cost.,

The observatory spacecraft study investigated the influence of ground
refurbishment and on-orbit service, and design life and revisit schedule
on HEAQ-C and HEAOQ program cost, The overall program costs (1979-
1990) indicated that on-orbit service is more economical. For early
year funding level requirements indicative of the HEAO-C program
{1979-1981), however, the ground refurbishment mode has lower cost,
The influence of design life and adjustment access schedule were also
found to be significant cost drivers. The lowest cost program matching
the mission model launch traffic was an HEAO satellite with a two-year

lifetime.

8.2 DESIGN GUIDELINES

The design guidelines were developed from the conceptual studies of
sortie, automated spacecraft, and observatory spacecraft; reviews of

the LMSC design guidelines (Ref, 8. 1); and The Aerospace Corporation's



experinece in satellite design. These guidelines are all included in Section 5
Volume I, '"Reusable Payload Specification.'" The guidelines which can be

traced to this volume are referenced to the appropriate section in this volume.

The conceptual studies provided the major data source for systems

analysis and also helped the participants develop guidelines. The study was
based on information on three payloads and Shuttle/Tug. The input informa-
tion on the payload and Shuttle/ Tug were of a generally descriptive type

and were not of a detail drawing and specification level of input data.

The study output (guidelines) is consistent with the input information,

The LMSC design guidelines were reviewed by technical specialists and
were rewritten to include those that were considered to be appropriate,
Those that were eliminated were considered to have little impact or to

be items normally considered as part of a design effort, These rewritten
versions along with the Aerospace-developed guidelines are integrated

in Section 5 Volume I.

From this study effort it was observed that payload benefits from the

Shuttle depend on indoctrinating the designers and subsystem specialists
involved in the study. The Shuttle introduces unique features that are

not available with current expendable launch vehicles. The current approach
of expendable payload design has for over a decade been improving

payload performance. To redirect this emphasis to reusable payload

and to reduce costs is a departure from current design practice. As

more emphasis is placed on Shuttle payloads, more design guidelines

will result, as is the case in any design maturity.
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8.3 WEIGHT AND PERFORMANCE

For the payloads studied, the gross weight did not exceed the orbiter
performance capability, as shown in Figure 8-1. The HEAO design can

be forward-mounted, but the longitudinal center of gravity location is
marginal. With the payload sharing the aft cargo bay, however, the

center of gravity margin will improve. Nevertheless, on retrieval
missions there is little assurance that additional payloads will be retrieved

to share the bay.

The Intelsat/Tug combination is within the performance and orbiter center
of gravity limits if the aft mount is used and the gross weight is limited

to the Tug and orbiter performance capability. The maximum ascent
orbiter performance is 29,478 kg (65, 000 1b) and the maximum Tug
performance in the service mode is 1, 361 kg (3, 000 1b) to geosynchronous
orbit. During the orbiter return mode following the Tug retrieval the

Tug is basically empty, so the empty gross weight is well within the

center of gravity for landing performance limits, For the high payload
weights and low performances such as low earth sun synchronous missions,
the Tug can be off-loaded because of the low velocity requirement and

therefore should be within the performance limits,

The sortie/large solar observatory {LSO) gross weights were witﬂin

the Shuttle performance capability; but the orbiter center of gravity limits
required an aft mounting for the higher gross weight LSO, The lower
gross weight concepts can be forward-mounted, as secen in Figure 8-1,
The center of gravity was estimated without payload bay sharing, since
sharing may not be possible for both deployment and retrieval modes.

The sortie/austere solar observatory (ASO) is low in weight <6, 803 kg

{< 15,000 1b) and not restricted to the forward location in the cargo bay.
The ASO is small and would share the bay with other sortie payloads.
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Figure 8-1. Payload Longitudinal Center of Gravity Limits
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